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(54) ^X^^>^7R^tl*fflV^^g{|5IS» 



(57) [Hift] 

««#flfc £ f£« $ -ti: 7t ffif E& & f#j£ T^tf & ffig 

tflKftX tr 9 > 7" > t £ -fg L Tff 9 TfeMlB £Jt{# 

it-jfetw 1 ^xit$*t4e-«-jfe*i5«j8 1 0 -cm 

K 2*K11, 1 2 C^lK+^o fl*3*lfc4Hr** 

»± , «&/ < * - > 2 tc ensD $ k & m fe<r>mi± i~& exit 

ism. S -ft t rt^&SIs 1 3 -e-g-fe $ *l£ .r t iz «t 
z> 0 




1 

z 4 tfm-cT&m. s *u mzm 1 
(Mien i jfegfr&tfutEJS 2 *g&(;-e-tL-r^^?tL7t^f 

*8E* 1 7fce&«.0 ! 'mTf5^2 7feSS*f£«$tt^^-«-f-^^ 

miem i Mawsf 2 itno 7 *> < t i> —u 

[ffi$£2] Mrs* l flRfeffiHC^ga*. mfia#M-f- 

Kay f Mi2*»«'5 *><o— ^■co7fes&tcoi / ^T, mis 

»&9 0* HI 3£$-<ir£ IS 1 H*£f-4r«;t*:;: fc*#«i:•^- 
4ill#JI 2 fBfc^ff ?£7 ? 9 > 7'7o 

m mm i ^-is^s t <o ffl n ix-t'utt 2 iiteT-s t^ss 3 

— ^®te^^l-^7fc<7>{Ij££B&4 5J£lll£$-»i\ te^ 

9 7 > 7*7o 

[at*:* 6] mxmi ~ 5<D^-ftLfri-oizim<F>ig 

© i X'fcffi £ *l4 , #f K*B St $ 
*Lfc£ 3 

f£ » 3 MC«^ $ tt tz ft 5£<D E IB] U it L T 3f 5e<0^ffl 

-? * 1 im^mmf±mu^ t % 

fcfltx., huIB» 3 TtS&Uit LT#.-77[6]Ofi)c73-7 , -itt 



(2) #1^1 0-2 0 6 6 6 1 

2 

? =7 y 7*7 v^-^StisiK-e* o T , 
A«-?ii-4M-i-7fc^ 2 -3K^t4* 2 tJ-HS^S t ', 

^ib» 4 imR vrnzm 5 Ttss tc-?-n.-rtL^ $ 

5e<7)E«<7>9 *>0^^ < t *<07feK<OEHW>tL, 
^W?*JK^P*l±*e|]*PLT, -e-WEK*felR$*t4 

« -s-ftoffiffisep ttr 0 » 1 ?^K^ss«Eenip^a t , 
ffi^njsf gp^Huififi^^ ^7>7*7«ii fi-m^&oA 
i3^muizm^L, «rsE»4*ttarrsrB* softie 

ro t«i, mrfe»4 7ti^so f HuIB»5 7tsS^itLr#-^r 

7 ^ 7 > * — M l r tf v » ml ate Wl x ^ v > 7*9 «o 
7t*«ms& 0 

fcgfSeWEM^ LTp^<75{£tI^p«|±^eptjp LT, 

eie s 4 m^jt^msmm z ^ -5 liffi-igpimaEepip^ 

****** * #+ 4 $ tt, «-f-7fc* ? f£lK £ 

tl4 lOW^Jg. S^TfcK^f^^tLTC^OEP^t- 

wu, BFfTEComffi^epj/nLT, -€-<7)Era?reiK^tt4 
fli-^offi« * $ -£4 wmim-WL*^-t 4 

7>7*;^a<07tK(citL.2oc7)^r|fiio^S:*-r^,fs 

9 aj^-r 4 « 1 <vi%WLMMm^& t , 

* « x L i fc * 4HK t -t 4 7t*«@K 0 

9 ] mzmmm^-fr t mm%w.x 7^ 
tt^a, m*7t*5c!i***-i-4##T-ffM$tL, rnieT?- 

ft¥aT*75-tt?iX^-73<7)^*^eaS$tL4» 1 7C 

$ *L7tflfe^roft-9-**tem $ n.4 m 2 7fcg&, mr 



-2- 



3 

»E* 1 ftttRtfWE* 2 *»* -f-*L-pite«s *t^* 

Sr*i"S#tfl--e»«&*L, 3 

m ^itoma i mt s *flEwai» * * 

*K»*SE»l*aom*1B!»»i:«E««^ * 9 >^ 
$EX * ^ > >^;P^S03fcttti^ L 2 oco^rfpjo^^^- 

v»»E«*^^7>^;u#a^^ffilt-r*«ftt L/i C: 
****** **-r^*ffl-t?3g«SiL7t io«>3fc 

*ftft****ff6P*n*«t#i-*fi«fflai*^ * ^ > 

x * 7 > r * # a -eft* l fBiSWMK * & fit £ <h 
E«0**«EIKc 
[0 0 0 1 ] 

[0 0 0 2] 

UlEJftU * -f ^ >^S±(retiming), jftjg*ffc(resha 
p i ng) RHfflll W± ( regenerat i ng) £ ff 9 *ff £ 



(3) #Rpp 1 0 -2 0 6 6 6 1 

[0 0 0 3] 1993^1 M.G Taylor (i, *4>ffii«H»(2 

*j6* f J«^:i-^a* (Hift*-^/ — Polar iza 
tionhole burning ) ^SlSL^o — /l//*— — > 

«**tt*t**Oifc (BIT, *SNRtf 

[0004] lostt it, &««k#v>t«-s-*o 

««tt«l*«SS9tCnriB-r*«afeX^ 9 > yOl' (Polari- 
zation scramblingJ^JS^^tt^o *€"Oii^X ^ ^ >^ 
**fr 7 3frttfc LTii, ffi«ia»*fl§v>rt:2F 

«*ffl^fc*ffi*irAt*4 0 1994^UF.Heisma 
nn^fi. fciHj$K5.33Gb/s, fe^ffiS|8100kmO||j^tC £ 
v^T. 4 5KA*««««»seo^*-/»';^»>A (Li 
NbOs : ttTLNit*) Ofiffi«iSifflv^ff?«* 
20 x * v > l:J:|) % «tt4MRO«t *9 £ LJBttflto*. 4 
0kHz Ui3^T4dB<7>Q<i3fc«k 10. 66GHz(Cio v>T 5 dB 

*j»****&fc*!)*^ foati^^^o 

[0 0 0 5] ifc, 7fefe^i-X^A<7)^:#ift£||Jl-^ 

i0 «ft*»o3tfl|-5-S:^UTeii-r*ifeft^a (WD 
M) *f5ai^rS:**aBStLTV»-6o :^WDM*eu 
5* t ±EO*if *14» iKSM^I^^t)^^WDM* 

[0 0 0 6] WDM*HMH**f£3l*S:^4Jv^r(i. 
40 ^ (Four-wave mixing) (i, < o^co© -g-jtOiBife^ 

[0 0 0 7] Mi(i\ 1996^tlT.Naito 4 
fei£JS^5. 33Gb/s. gJsEHt4800kmO||^t;i3v^ 

50 fgai^rs:uiJ«t4ffe<7)M4R«o— od, ^^*^b 



-3- 



J 

o 

[0 0 0 8] ^tZ-V\ 1995^^N.S Bergano ^(i. Jt<R 

<o ^miwifc * * ^ > * lx^& 

(N.S Bergano et al., MOO Gb/s WDM transmission of 
twenty 5 Gb/s NRZ data chanels over transoceanic 
distances using a gain flattened amplifier chain', 10 
EC0C'95,Th.A.3.1, pp. 967-970, 1995. #Bff) 0 

[0009] ^jt*^ x&mmz, mi 7 <?>y*uy ? 
3fc#-t & tz£> izm^^m^m t mm* t <d 

T\ 1 996^ tCN.S Bergano ^li, KJS^W. fiffi^HS. 
^afBJK^^^>^*a^^*>*Tfflv^, [Hi 8 

(N.S Bergano et al., 'Bit-synchronous polarization 20 
and phase modulation scheme for improving the per 
formanceof optica! amplifier transmisson systems', 
Electronics Let ters, Vol . 32, No. 1 , pp. 52-54, 1996. # 

JB) o 

[0 0 10] B£*Ofi[fflSEI«»S:ffi|v»fcfliiftx 

tLtzWte'**-> 9 2 X ^SE««JES:aiSnLTJi»f*t 
(t) ii*S;-ca5*L4o 

[0 0 11] A I (t) = ff / A [( n e 3 7 33 -no 3 7 

13) v(t) Lr] 40 

fc^U A fijfcjBEft. no ii#7feOS*/f*. ne iiSHT 
Jt<Om*ft^ y^3, 7 33 ^***S*^ V(t) ttftH 

£ Q co«t ^ tcfiffiHA ^ (t) «iSE»l*ffUJt«-t*o 
««X^7>-r^Sr||a-r**afc Lt\ ±K<7) L Nfi 

fcv^fcS4**S 0 F.Heinsmann <b ii 1 6psO 



#BB¥ 1 0 - 2 0 6 6 6 1 

[0 0 12] £Ofi«$W!fcottJSi: LTIi, Wxli; * 
mil A K <fc £ 1 995^m^1S#^Iff^^, B-755 X * 

7 > 7* 7 * ffl v> Tfei^ipS y^rA coj&ft 2 ) 

*B3?>^J:*1996^«dHll*««^,B-1102 (« 
^^7>7 f, J >^l:J:l)X^^ b^j£^0OlS*f) * 

tfcttayij^*j«EL, **t-r*L*«ifi-4WE*jit»fc 
■f * - £ £ £ tt r v * 4 0 

v > 7^ S Ktzit<0 x ^ ? h ;u *Jfc1Br*ffci- 4 £ 

[0 0 13] 

[ftWsWHStL-td t-tZMKl L*Lft**fe. ±Bo 
WLi&Ctz&l^ El— ofiffl^SSS*&^^t>-^4^ 
ff^^^tiATj L&ttftif&^&v**:^ ^fiffi^ 

[0014] ifc, ±«LfcJ:9uafcK*il^fi:«*« 

[0 0 15] *»W«±±EW*jftt-#B LTiSUfct 

^ 9 > tffi«*«* l < \$&mm<D$mi 

[0 0 16] 

fi«S^»276tti:, »E*l*Bao f «lE*2*ft 
^OjfettOEIBUWL, pJf^omffi^en*OLT, fog 

w * e« ? tt * ft offiffi i left 5 * ^> « i m/±^n»p 
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(5) 

7 

i t „ mifin i ftf&Rtnw 

IE* 2 ftj&CO ^ *>co4>£ < t fe— ^COjfcl&lCO^T, HU 

[0 0 17] ^«flUACJ:iL|f v »l««fflJt-A*S 

i:^t, m iifcs&RzF& 2 tm<o it, t i>— 

£ *l4 i t k j: 19 , s tit:m-^yt<DuwLwm& 
[0018] »*5i2 uieiftoi&w-eii, a?*gi kie 

«oi6WUiJv>T. flfrtE* lMffiiCW SHE* 

[0 0 19] W*JJ3 USEIftoS&WCW:, »«2 JCfE 
t^OMW^ifttLt, ttfE* 1 
ft* 1 , l»BB»l*»a0 f irlE»2*l&O : 3^O— *<0* 
g&tco^r, irfBBf^OEHt^rfE^ 1 MfSt^i 
(-M-§-ft<0fliS?££ia&9 OSHte^-^^^l HKT-^ffix 

ia*o*w<o*#«ift»«i: lt> HtfEig 1 mwimmifc 

t , ttrfEir tecoe ffl t frlE* 1 t<r>m~t ti<Z' 

5 Kisi££-££*>co 

[0 0 2 0] 5 HEIROISWfJi. fjf*^ 1 - 4 

(V^-ftifr 1 o(iElft«5l6WU*v»-C, HtrfE* 1 «J±£P 
*D^a^ 5 \ fltrfE* 1 jtBSVi»Ei2«i:-?-ti?*iS 40 

i ^nentjD^Si; iot, « i %m~%.ifmm 2 

-?> <fc o (* & h o 

[0021] »*3S6 usE«<o»w-e(±. 1 - 5 

nASIIJia!i:-j|* , S^L, 1lbSIH~A*J-$*Lfc«-3")fc 



ftfflW- 1 0-2 0 6 6 6 1 

8 

-t z unr^m ztitzmsyti&t, mm 3^ t,z&fe 2 
x, mm s tiz>m^it<7>mmm z'ni m 1 a^mm 

l±mn^t^ SrfSx., fl?IE*3 7t^^WLT*-*[6] 

Ltff ^fltfEiS&x x 9 y 7*5 co* l &foj$-WLfrh#&s 
[0 0 2 2] frfrzmfiUZXtili, i3MCAIf?tl 

ftttSIF* 1 ^Wftfcfig*? *L4 £ t J; n te-^x 7 
9 > 7 frtffffrtiZ X 7 (C % Z> o 7 UfE*feOH^ 

Tii. 1 - 5 <r>^-f Kfr i onffi^cofl&x 7 7 

* #f4T-»)S: $ *u flfflE* 2 fffi S *Lfc— * 

4 #«-t s ff^fig; $ tu 1WSE* 2 »tt^ftr»tt $ titzHllj 
IE* 5 *K U tL^tLfS^ £ *i if E M <0 9 *► <r>'p 

-7 * i ajRiEii*BEen*p#s t . taum^mmmis 

m. x ^ 7 v -r<? co * 1 frft^&<r> A^JfiiJSgp l > 

fltr is* 4 *k a ^ fliriE* 5 7icg& mm. 2titz&m-%-±>£ 

LT fllrfE* 1 fl-tt^&Ktttftl-* * 2 t , 

*mz-. flulE*4^g&®.o f fl«IEfft;5 7feKt;*tL-cm— * 

(p]C0fi)E^/itt * #i" 4 iSaiaiftttJKOM-^ jfc S:«r8E* 2 

[0023] frfrz>mm\z£tu£, m2$-mmzxmz 
fitzm^n, *4, 5*Kn»tt$#i.-e-fL-p^*ejR 
l, ffc l&fc&mw.E.Wtia^&izx^xmagmztL, 

5 2 SfM ? til. I i f^lSf I $ fi^ „ -g-L 

r, awtje«**L7t«*jbj», *i««^ft, *i, 2 

[0 0 2 4] a*«8 tClE«cC0|§W(±, *SC**Sft** 
a.O'M^&K^IS^^tL^^coEWH^LT^co 

*tLT, Bfr5EC0^EE££PinLT, •f-coEFfl^feflS^tL^, 
«^-*cofiffl 4- jgffc 5 -ti: * SSepjn^lS Sr £ (life X 
9 v > 7*^#S t . «fEfi:*fE«#Soai^1Bji» fc flu 
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(6) 

9 

[0 0 2 5] *»*"4*«^Xiltf, ffifflSEH^ROittt 
ST"-!-<0M^Il$E$ttT2O<7)^lfl]<7)^^^r-r^|S 

its&itftMz kz> z t \z x t) wtfvm&mz* o r«« 

x ^ 9 > r;U/6^T*5tt^ J; ^ ft £ „ 
[0 0 2 6] «*«9 tCie«C0^T'(±, ^*S8 tzte 

co«^-7t^ ? eaj $ # 2 itie* i ^s^mib 

en^ra l r , oe ra £{sfls $ *ta irfeffi ^yt^&ffi^tm 
mm 2imi* ti-rti&m. ztitz is&t z> 

«*p>ffl*$*Lfc«-§-*ofliifetiites-e-r, 

*eaK3EW¥eo#tt#HKJ|l-;|fcri&|*> 

[0027] frfrz>mm~zti\z, immm^&vfi-m. 

ft-rftSrfcl&U 5ftK3EW*EBiJn¥a^ J: oTffiffl* 

J£T"^<Offiv£# 5 ~llfcSftT 2 o<7)^|p]<0^4-#-f ad 
i£#c.^ <h ft «7 . teti&xf'yy 7)1 ^&<T)±i& ZmmZti 



1 0-2 0 6 6 6 1 

70 

[0 0 2 8] iS*^l 1 {Cfe«tcO^HJT-i±, IS*]R8~ 
^ 7 > -f;u^&fr h mm £ jft 9 0^ 

[0 0 2 9] frfr&mmz X tti£^ ffifoX 
[0 0 3 0] 

I»«o«tog»] BIT, *«Wo*ifc»]B*iaffiU 
*o%^riftWi-^o But »ioit*3B«ofliift^^ 

(Mach-Zehnder: aTMZtt-5) M^J&^flfz±m 
MIL **K±^Rtt^>^»fSg^ttO»l*E 

[0 0 3 1 ] j^HftK 1 Ji, m 
itf, -t/K'Jf)A (LN) »t#3H-fc LT»*3 
ft£ 0 -OfiiSKiu, A*f*^2^-iii51-^^i^iK 

1, 2*Bll f 12*^OffMMtl>*lM 

[0 0 3 2 ] 2 (i, MiiiV l 

*^«# t WJffl L T7feS*/f* 4: SSffc $ **^fitffiSEP Srfif 
?/:Milit2At i2IS2Bt^t^ 0 « 

»1 1 ^i&-7 «t-9 36«K±UEflitS*L-5 0 »2Ift2B 
ii> *Eff^O/^ - >"eHa»*«Bf5comiH4:IBT* 1 S 
S2AUH4*L^J:'5(c3E«K±iZEIt?tL-6 0 ill 

te2 AU(i«aii-*W3co«jBojEP*BE**eninis*L, 
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(7) 



#K§¥ 1 0 -2 0 6 6 6 1 



11 



[0 0 3 3] ±CO*»*tt 1 > 2 t 

fzi> CO — jftCfv^^Tv^LNlMl 

fc«**tf>«»4r — #|S|K:«9 0SH$sLTm^r"r^|pl 

<, 9 OKtWtUAit, MBCIi, 9 0 + 10 

(x, y) = (0, cos co t ) ifcti (0, sin w t ) 

(0, cos <wt) <h Lfcm&lz-D^TCDfrUtyi-f&TbK 
(0, sin w t ) t Ltzm&iy Z*ltm&l~ Ltfi^ 

<7V*7-t±, -€-*t-ptLA*t*^^7-0 1/2 t^* 0 
#^0«**a>«*tt«tt. EI3*<Of5;B (b) 

'*7-li, -f-^>«*0 2*UJt«1-*fc*U, ±E 
(1) kWI»ui^i-*fcH«-sj**^oj:-9ti3fc 

[0 0 3 6 ] 

(x, y) - (0, (1/2) 1 / 2 cos*, t) ■■■ (2) 

i i Rzrm 2«n £fc»-r & z. t ^mstma^trt> 30 

1,12 tilfT-r*#«-f-*oaft*«5:v^c*3Sr-s J: -5 
#«-«*IB^tt*j6^C4o -Oil 
»H*filLfct«Ol«EltU ifc. » [0 0 3 8] 

2*»1 2Srf£»Lfc«-9-*0*ffS:E2 t-^-St, 

»1*»« (x, y) = (0, (1/2) 1 / 2 cosw t ) 
= (0, (1/2) 1 / 2 cos*, t ) 

m2imm ( x , y > = (0, a/2) 1 / 2 cos«t) 

*LT, tt*SEBS*tfe*«-g-*0^%<7>»i*Ki l 40+ mi] 

[0 0 3 9] * 

(x, y) = (-(1/2) l / 2 cosa, t , 
= ((1/2) 1 / 2 cos co t, 

£o ^iftS*L7t:fl|-»*Ofl|jS«aR|i. i3 (e) C^rf 50 



12 



[0 0 3 4] *l^«fgOftffli;ov»TR« 

f t^USB 1 1 0 i:A»S*iio 

AltS*L*«-g-j6«i, Mill E!3*Oftg (a) ^ 

* h^-C^-ti^U, ««tt«**Sil[||[j»«ift (y«^ 
ft) i:ft*J:9^««lS*L4o fcrtfU B3T«±, Jtm 

■ (xtt^ffij) RtfSfcjftfr (y 

[0 0 3 5] 

(1) 

**E1, E2I1, tftWOftfit^l, ^2<hLT. 
[0 0 3 7] 

E 1 =cos ( oi t + 01) , E 2 =cos (cot - <j> 2 ) 
#*#M^f2:*^A # (=$5 1-^2) ±i£L?fcJ: 

EliiA ^ ***J(ftU 0 - tt olBBtNWBttKEft"** 
i^CK^^^o Mill IEK«OSE»!« 

^->2l: mu S *LT , fifrfflU A 0 A«0- 768 
Trsin wrt (air iS LJB«ft) tNBJBftKjEBS 

izfczxm i *» 1 1 «re«-r*«**offi«34qEft 

(c) ffiffi^WSttTtftO^W^jfcOiBfti^* 

4*UR**H^Six, JaTH4»i:-*"-5o ^^>««*c]R*E3ft 
fc*^)J:^^4* 0 



[A ^ = 0 ] 

[ A <j> = 71 ] • • • 

[A <j> = 0 - tt] 



(3) 



R(a) = ( 



c o s a 
s i n a 



- s i na 
c o s a 



) 



[0 0 4 0] U3^0fiB (d) UfiRfcWHlES^ 3 tJ- 

0) [A^ = 0] 
0) [ A j5 = 7r ] ■ • " (4 ) 

1 3 5S^)i«|«jSt4l5 . fi^BMA <j> — n <DV£f s xft 
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(8) 



#BB¥ 1 0 - 2 0 6 6 6 1 
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(x, y : 



74 



10 



20 



[0 0 4 1 ] 

= ( — l/2coso/t, 1/2cos^t) [A 0 = 0] 
= (1/2cos<wt, 1/2cos<wt) [A0=;r] 

i*ri iao f *2*»i e»+*fli-9**qai 
3*^^«»2 3<offi3t»ir- 

x, y/fefr£}#o) ffiffiS£|B»*fflv^fie*oiiift^^ 

1~&flfife0-ifcS:» 1 / 3 HTCi«t4 - t**tf S So 
[0 0 4 2] JtaoJ:9K»10Wfc»BIJCJ:*LlX, - 

*w*LNffl*sgp*tra«i<ofli«o*»ifeKi \zmwi 
s 0 mz^ t«iigi?3 t<D-mz$L 

[0 0 4 3] *20*M«i:o^TRWt*o 

femmmm^soft Afig£*i*&i m*^j(5 2* 

Bl 2«Uftx.fctO"C** 0 0 4 (i, »2 0jt*3K3B 
olSjftXVM^oigftttJKi^-t-igr-ab-So sue is 

4 AftWUfi, UttBUMEX?- 3 

1 3 i:li/^->2 £?>MOtS2*»l 2ClfAS*i 
rv^»*t*i) 0 fB*ffi0te*T-3 ^lcofg* 

( x , y ) = ( — 1/2cos^ t , 
= ( — 1/2cos^ t , 

c:oJ:-?c»2 OWt»IKUJ:*Ltf. flHfcnH«E*?3 

*»2*B1 2«*IJfALfc«*tIi5^Tfc, *1<7>* 

[0047] »3os«i«ji-c(i % »i. 2<v^mwm 

2«H-€-*t-pitH:*tfcifct«F»i:i-4o B5li, #3 

So HI5C£$v>t, 7 ^-T^Ji. IHlco^Jfe 

^SR^«*HH<E*T-3 t#ALfcffi«U*2Hte : F-fc 
LT^iWfcBHlE*^ 1 *R(t, #2<7>*ifcjfc 

mxmiSMmmm^3 irnxLtimtiztssmm^t l 

TO«iSHHlE*^3 2 *»itfc«*-c** 0 toio 
«Jfi«\ *K 2 0||*»]B^*jKtHtllT-*-6fc*R 

[0 0 4 8] fl^MHK^ 3 1 ii, » 1 TfeB 1 1 (7)1 



(5) 

t u o ^ r t » i i: nai-t?* * o 
[0 0 4 4] ^2^nioftffl^PK 
So * v > -7^ -cti, «-Sf-#rt*5frtt« l o A 

$ as i -coftffltt* i t ra*rc* 

0, #fittOfl»«gtt, B4*Ott1I (a) - 
(c) C^h;w3t^£*U -€-0^*ieJEL^^(7> 
(i, ±MLfzi$mm<7>UM (1) - (3) fcfl-e* 

S o 

[0 0 4 5] f 2M1 2 0H/^->2T*lo^ 
*ii:iMI«jKo«-^*«i, ««WBHESIKF3HA»L 
T\ t^««3MU9 OJSEl^^ttSo -OBfOffiv^B 
f±. B!4*(7)f5:M (d) C^gtu *0«fc-5KK 
1^« 0 (x, y) = (-(1/2) 1 / 2 oosa/t, 0) 

[a ^ = o — 7r ] ■ ■ - (4)' fir, i* 

lilted 3 Sriiofcfll-g-Jtfci* 

S-iSffii 3T*^ffi§arasij?tts 0 
<^ffl?&4KJSiis H4*<of±£ (e) K^tJ:-5K, fiffi 

ma t = o<Dm. xtttfisoitft^n 3 saeoi: 

«§UI?£ <h & , fiffiiA 0 = >t<ob^ xiiMoM 
1~S t^i n Ci4 0 

[0 0 4 6 ] 

1/2cosw t ) [A 0 = 0] 
— 1/2coso;t) [A0 = tt] ---(S)' 

*^^->2TS:aofee-^j6#A»StLT, 

m^m^3 2(±. iitai 2o«s^^^->2T*ii 

o7^>B-^*^A^;?tiT. ^ofir&*»&-4 5JS(oI$eL 

rm^J-TS tcOT-*So *fitIiKf^3 1, 3 2 CO 
@j|^f±, 4 5S, -4 5KHH^StL-6feO"rj±4 
<. 2ooigffl:J:^MfiilHKft^9 Offi^r* 
Lt^^JS, A#:Kil(i, 90+1 0f£gjR-C*Wf 
ifc, ftfliftHEUE*? 3 1, 3 2 07fc*SR2 

[0 0 4 9] *3o*ifcjgjgoftffl«:KWi- 
So >r^r*&, «*** f »tt»i oca 

StS*LT*^*l Tfc^l 1 ^12*K1 2-CfifflgEWI 

s as j wftffl ci« i on*jB»of^ffl t 

(c) C^^h^**S^ -C-0«3R*|EiELfctO 



JO 



40 



50 
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(9) &mW- 1 0 - 2 0 6 6 6 1 

H 16 

it, ±&LtziMmm<omi& a) - (3) tra— e* *ffl&4 5K@f^w (mraoffWR u=45)m^?) 0 

*° EI5*Of±fi (d) ua^s^ t 

[0 0 5 0] 10lS^->2niofc fc, *^J:dfc|EiES*L*o 

(x, y) = (-1/2cosw t, 1/2coswt) [A 0 = 0] 

= (1/2coswt, -1/2coswt) [A^ = tt] ■-■ (4. 1) 
»2ftHfl 2 0»^->2T«ofcfl** »-OWFO«*«OBtt. H5*ofiM (d) ktR3*u 4 
Ji\ iKftiBHIE*^ 3 2 KASLT, -€-£>fBSW ? B&- 4 fc, J: •? KEJ£S*U>o 

SSIUte^tt^ (Ktj&<ofr9iR U = -45) UfiH) 0 & [0 0 5 1 ] 

(x, y) = (1/2cosa>t, 1/2cosa>t) [A0 = O-tt] ---(4. 2) 



*LT\ #«ttiEB4E*?-3 1, 3 2 *So7fc«-53*&*. 

( x , y ) = ( 0 , cos w t ) 
— (cos co t , 0 ) 

Z<D X n \z LT*»««»*e>»«S*Lfc#|-S-*o«(a 
»3 0*SSJKjRo*flEm:*Ltf, ^lTfeS&l l«<h^2 20 

[0053] >khz^ ^4<7)tftili;o^r»^ 0 

*4 0j|»»lftt, *1 -3<^**JB3BO««Ui5tt 

2' tiwttitt«Fitt-5o H6i±, m4<Dnmz 

0, 4O01S2 1A, 21B, 22A, 2 2B^^ffi 

£0 m«'**->2' £i^o#*i±»i <Dmjmm<r>m 

[0 0 5 4] m®2 1 Ali\ ^$IOA7->tl iZZ2 
1 a^lMl 1 K»9 J:?*RK_tfcE«$*U « 

T1I2 1 AUlSfti j; 9 »:J6«K±i:ElS*i*o 

zttttmmz* ii2 2A(t n^o/s?^- 

>tl^22 a^|2Ml 2 J: d**K±*:E 

<omm*mxnfe2 2 akhs*l£ x 0 c:*«k±&::e 

«£*l£o*«2 1A, 2 2 AU(i. ±aLfcJEP*ff 

ffioM^-censns^^ IS2 1 b, 22 Biigtfs^ft 

^ O 

[0055] m^^mmm^m^mm-t 

%>o *fi$^^7>77tii, OCA 

£ i -eoftffl(±» 1 - 3 (Dmnxmnftm t 
^\ ftjtttTtT^^sfflffiRw*^ 1 - 3 <r>nwfm<o 50 



[0 0 5 2] 

[A 0 = 0] 

[A 0 =tt] ■■• (5)" 

[0 0 5 6] H7i:i±, 1 0*ffi«-CO<g«tt 

m<r>m\:*m-to fc*fu u> - ( e ) hb6-c 

SMfcStli* ±*EO|ft£ (1) RtfEJE (2) tB-t?* 
£ 0 ^fcu, *1*B1 lSti f *2*R 

(c) oj;^:^^ 0 fir, *1 <aH*^j&fcH* 
l«0«-^*36*fl|«HH»«^-3(cA» 

Ofstg (d) tOtikzkZo #*»SraaLfcfl|-§-*«i 

^ffiSBi 3"C-frifts*Lra*stL* 0 
ofB«ttSfi, H7*cofig (e) Cftioi:, ffiffi 
^A^ = 0OBf. x*fcfl|«04ri-ft 3&*1 3 5jS<7>a: 

[0 0 5 7] :o»i:»4^M8t:J:M. 

OStt*. »10«KE«|0»^fcJt«LTl/2*l-C 

^>*ifcJBSo*St (Hi) kB*!:, mti 

«x.tir, is (A) utki-j:oc m2<nmmm<vm 
f&tmm, u«mmism^3i!>m2^i 2«u#as 
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ft-saus*, is (b) \zfr<ti.n\~. %3<ommm 

<0«StHi>MIig|f3 1, 32#*1, 2 3t 
811, 1 2*ti?tiK#XZtiZmi8.t LTfcAw, 

EI 8 (A) ^f^^felt-S^I^^^fEiTEL^^cD^ 
El 9 (A) ICt^U E18 (B) <r>mfc^&tf &&tM,mk 
^*l5xEL7t^<7)^El9 (B) tCTF-To 
[0 0 5 8] ;fct^ ^5con^f^icov^rgi^i--z> 0 

HOli, *5<0*iftf^<7)#^^^-tEItr** o 
[0 0 5 9] 110 (CiJV^T, 2 <7)^ 

2" £f£lt£g|55>-e££o -?-^fe<0«)Sii*2co**^ 20 

[0 0 6 0] Jtm$8& 1 ' li> iaLf;*f« 1 <Dfr 
ttSM 0^)A*««Sr>i^ BfS^ftS*^- 
T^^ffiffi^pgl! 1 4 £S-g-L7ikO-e&.2.o -^fiffi 

0, JS1, 2M1 1, 12 

aw»i 3 t(si-wm*:7fc^***i-^## (l 
n^) #ffl^t>n. «iKi' frx-fmzti 

[0 0 6 1 ] H/^-/2"(i, fiffi^pa 7 ) 14, ^ 

*2Ii2B' ti^f-TZo H1S2A' li, B&a^ 
1 OWtlMl 1 ^i&d ±9«EK±(CE«S*L 

sr^ ? ^orBiPi^psT^i a' ^Hitts £ ^ 

[0 0 6 2] *tt*»0»U(±. 3 



') #H§¥ 1 0 - 2 0 6 6 6 1 

OtilMi 1 2M1 2 
*U *ljfcffri ltfffiffijEPS*Lfc«^*i:*2*Bl 
2 RCTfllifenHte^Srao 1 3 "C-fr 

[0 0 6 3 ] ceo J: -) U»5 0*Jfc«B{UJ:*L«f, ffiffl 

kmmb fc ««x * ^ > t t L7t**» 

* <9 frfrH^tt^-r * <0 TfeO^fe S N R **Bfc# g 

[0 0 6 4] ±E»5 0**««lTtt, 

«^3 *m2jtm \ 2Mizmit2>mfctLfzfr\ mi<o 

I5:tt^«^^, *3 0Hjfc^ff.4:ra#u*l. 2 TtSS 1 

1 , 1 2mm^itrtiismmm^m z f'3 1 , 3 2 *r 

[0 0 6 5] »6 0*JfeBBfi. 8X^/9*115* 

SOfiix^7>y7 (HI 9) 
ffcLfcj6*»HK-C**o (HI 1 (i, 9&6<r>$£MO&Mi<7) 

ii^ *SKtcjgjRS*L7t:.x F7^>I^(7)7t;i$ 
?S^B&4 5KHI$51-^*l 0««li(g¥gt Lt^fl 
[0 0 6 6] jt*«»5«i. ±«0*i«Kltt(5l« 

(LNf) itmtLr 

So Ste/^->6(i, illg6Ai$21i6Bt 
^•tt^o % 1 lt6 A(i. ^^^<7)/^->-eii2Z6 
a**jt»jftB5Uj&^i-9afrtEK±«CB«S*t*o ± 
fc, ia6al±, AWflJcO^r^^ffi^Slil^T-3 2 
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h ffl*HB03»» f r^g $ * 7 > ^ 

Ki-4WftI*flE^jei:TBl!5gS*L4 0 *2mg6Bti, 
9&M<D/* 9-y -CJH JE«**Bf RRR * PS T £ 1 fg 6 
AUHS*L*J:?U*SK±fce«S*L* 0 ilH6 

a U ta , ee^coffi^K x ^ =7 > *7 xm ^t>ftx^tz<ot 
[0067] znxi&mAnytmmm&izi^ ytmm 

3 1 KA;fcLT-toaHfeWfc4 5SHK$tt^ 0 £*ui 
<t 9 fii&ffilllte^ 3 1 Lfc«-^fe(i x /dMMfctf 

[0 0 6 8] ±j*OJ:9^»6 0*JfcJgjR^J:tttf. * 

ICR LT(±^5<7)*Mf^O«^<7)^T^^XTu^^ 
[0 0 6 9] »7<onjfc3Ba^ov*rift9i-r* 0 

*7o*jfcjejst(±, af*a7tcifi«co^o— njfe^si 
[0070] mi 2izi5^r, ***»h»i±, *io 

^M@$f^3^A^tLTv^v^^oflrSx^ ^ > 
^SPMtHtiiS'C, *I«Bli:JtC.t-&*i« 
B7 1 S^IS/^ - > 2 CWCf^li/^ - > 7 2 



(ID 4*R¥l 0 -2 0 6 6 6 1 

£*L, «jfeX^-7>-r^«PMfc*t:— #UJgftS*L 
^oSot, *i«B7 1li»2*«m »4, 5* 

7 2fi»l5»KjEW*l±enJn¥ai: L Traffic * e 
[0 0 7 1 ] ^7fe*»lp3Ktc(i, 

tL^«#*i±, 7 2 j: *) wtinzti&gzmw, 

tL^ittMX (y»#fil) OifTEll fi^^^v 

pmti±. mio&m&mnftmtmmizLXs 

[0 0 7 2] ^Oi9*-»7 0«fc»«UJ:*LiX, a* 
MlflMfcRIfll*;* * 9 > T'A'JMB **SKfc L 
HtttSflE-t-* c k tc £ o ffi#EX ^ > «fc £ 

I M t jBjgX ^ 7 > y^SP P Mc7)fi«^m LTV* 4 

tz, ***»H»4:fflv^c: ti:J: 0 . »5<7)|t*JB]» 

£<7>a*k!iJ«, ee*^)J:-9tcLNffl*SEWISfcfli«x 
^7>^7t*iaiH«tt-r-S(OtitttLT. jtfe-gifBf 

[0073] ^7 (onmwmx^ * 1 *k 1 1 ■ 
a, n 3 (a) t:*t£^:, m2<D^mr^ 

11 3 (B) tlTp-ti: ^ S3 0*iflt 

« i , 2 ii, 12 MiBtc-f-fL-r^fiasffiia 

40 fit?3 1, 3 2*RtUI«t'*ott»t)i^ 0 i 

^>7^^PMOmffi^*~>2<0Bfi^li, HI 3 
(C) HtfI-^U, »7<0**JB3BOEItt*tCLT 
*>Av* 0 ic, 0iJx_(±\ Hi 4 (A) - (c) Utf-TJ: 
o tc, {irS^^ v >7';ugpPMO^ft/<^-> 2 off^ 
^4 0^^£f^k^5]#omS^ 0 ^->2 , k-t^^ 
k<>?TftT**o fl?£^^7>-7";ugpp 

McOi'flS * fiM S * * - k ^T § £ 0 
[0 0 7 4l*C s W8 0***»tlot»Tl!lWi-4o 
50 *8 0*itJg««±, W*Jll 05^1 1 HE«0|gWO 
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02) iffggsp 1 0 -2 0 6 6 6 1 

21 22 

-mmmx*> •=> x , * ? > r^aoiiuft tft* * v > r^^a t * 9 > r^^gt t <nf% * 

»h»*«j£u gnonmwmtmmz&m&mtm mmwrntmu^mm^m^muiMa, ^nmitm 

[0075] ai5ii, %%<r>mMWfm<n>mm*mirm 0*, &mz.mw£.enm^&t Lxmm-r& 0 

mi 5K*wt\ ***«iH]^i±. m7<7>mm [00 7 si **#e«hkk<±, m7<r>mmmtmm. 

a*SI»IMt, ^OS&K^SHSP I M(0(ti|fSi:l^ (ytt^lSj) UM»S*u I MOft*fcB 7 

£tt£«?£x^>r^Sr>PM' t*f>i«?Ji5, is ;o l KAW£*LT&jg^PJtf*fT*>*t.& 0 3ftKaawS:h.fcS 

WLX? 7 >7-frf$PM' (±, aMRKJiKjBjftStuCrX h m««& (ytt^O) 0#»*l±, «&9|g|«;*^-8 

fc3fSeO«tt0 2O(0«S/^-> 8 2, 8 2' ft <fc «J tt&Siil|E*^8 3 LfcflWfeli x fiSt^S.^ 

A»*«)fl|*«:*4 5ft@e-t4»10««lBH<E^a fiK^6 s , l£*<OitfflSeW# t W*OflUH 4C J: l) s Hg/-? 

t L.TOaijftlBHte*^ 8 3 (*3 0*JfcJBSJ-Cfflv^ ? - > 8 2 T£ili§-f £ Hl-fittB^SH £*L& 0 .1 ?>B$, 

ffir^MH]|K*T-3 l tmw ft^g&s l <o+*g|5 #x, y*-|fi]-eo*Sff*oM^J; »9 te^^-ft^^-r 

fgtLtro«niif?8 3' (mi<vmm%mx 3' -eM-f-7fc<o(g^^B&9 osiateLTx^t y ^ 

(LNf) ^fcLTM?«o *t£ t HUMORS* * 9 > 7*#ff t>tl& 0 

-f-O— Sti1ES£®ia*£3£?8 3 «r^-LT5iJS^PS|5IM [0 0 7 9] d <T> «t -? UJ* 8 <7)*ifi^{l «t tU£, 

^fj£at-i±ffijsffiia*E^8 3 * -hmxzixZo ^^-y^^ymm^^^y-yyti^miti.tzitm 

[0 0 7 6] 1^^-^8211, 2o^)tS8 2A, *H**«J«1-* i fc K J: oT, * 7 

a(±, ffir&Mllte^-s 3, 8 3' fyjtcj3^T3fc^£j& x * 9 yy^imftlzft o c t ^pT^r-* 1? % 

8 1i:i&n9itKJ:(:EIJW 0 li8 2 <0|nJJi, r*x h OfijS&Uf/haaffcfceii, C fcjj*-?^ -&<, 

Bli, *Iff^/<^->T-®Sa5*^f^<7>M|iS*BST»fe JO [0 0 8 01 ft, _hiE L-Tt* 1 - 8 <0**feff^-CI±, ft 

8 2AUH4*t4J:-5U*«K±tCBE«S#L*o ifc, *««#M-*7"K'Jf (LN) t L 

T\ 1M8 2A' <01228 2 a' 0 f {S?£ffiIl$z:fr?- 8 l± i ft-fCK t> *l£ & OTNifc < , fcSWfc^fcft* 

3' t**jft»8 10tB»Jit©iH=iJV»-r36*«tt8 #»-C**LjfAv»o 

l^iSU^iSKiCEfStll,,, Ig8 2A, 8 2 [0 0 8 1] 

A* mi, a£*<0«*x^9>r9-effl^t>irTv^<0 Moif] mJhl&iB Lfz X o *>0« 

tmm*>WMW&#&lB$tL* 2 B, 82B' (i 1 ~ 5 1 oU|a«0|&Wl±, * 1 

Z^o ttz, &WW*?->&2, 8 2' <0@2g(±, _h 40 ISJSHIE^airiiaLfcftOW^IHfj^JioHi* 

HT *> aw '> isanctiTi*. »u« «i, 2 

[0 0 7 7] C<OJ;d^. MM8 1li, iS^X^v 1, 2I|EfiKlt4;ti:J:,-c, ««[lS0fe¥ft<O 

Is^gt LTjSlfgL, fi^SHIi^T- 8 3 ' (±, ilv^X 50 [0 0 8 2] i7t, gf*^ 6 $ fzl± 7 iztfl&co&mii. 
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1 - 5 <DV>-f tifr 1 o(cfB*<7)S&*^JnxT, ± 
rewd&x 7 9 > 7*9 ^fi^^p i t jg^gs £fj -) 

&m%im tm&xt^y * tz im&^m t mm. * ? 
7>-r)vz i -on^t^mmmx— mLxmmi-fi o z t 

^±Ti:ii}, ffiWLX f)V\z x zm^ito 
'j£gtt i> f& < & •£ *6 n x h co f&M £ EI £ £ £ tf* -e # 

/■wto? k & fc*>/MSMfc * n & £ t & nrtg-e* „ 

[0 0 8 3] W*^8 i/c(±9^|e«feco^li. loo 
$ ti2>$£$icr>mgLX 7 7 > 7*7 t |WU*<Dffi7£ 

<viMWLW®&^& it it l xmm. l fz^tmmm^ 

t-f&ZtlZH^T, fei£<7>^WiX7 7 y7*7<Dffim$: 20 

mm Lfzffiife%mm.ff)itmm®mx\ \±m^m turn.* 
?=?y i — » l xm-m o ^ t &x g x ism^i-t 
<r>m±. =t?.b <nm%&.v i 'bMit*mz> ^ t ■h^mx& 

O 

[0 0 8 4] m^m i o izim<?)%-wi±, 1 -?<d%mx 

mf&2tl2>tti%:<?)i&WiX 9 7 V-?7 t WtCOfSi^X 7 7 

i <vi%fem®&^&£frLxmmLtzit4tkmMffitir2, 
itcioT, ^*cote*x 77 y 7*7 <om$L*mm L 
tzffi\fc%m*$.<r>itmm®&x. &m$zmti%®.7,7 7> 30 

y'^i^HLX^iZft 7 z. t&X-Z, fSiS#tt<7>|6] 

[0 0 8 5] 4fc, S*f 1 1 UfB*<7>f§Km, fpr^ 
8-1 Ocov^-ftt^lo(c|e*feco^<7)S!,*^*Dx.r, 

7 y 7* >v z ft 7 *ff fflflijg- x 7 7 y 7")i<^&l *m2<Dm 
mmmm^ zfrL xmm l tzit^mm^ t-t&^tiz 

ttoj; <omtitz7tmmm^ii&mi-i>z t&x&& 0 40 
im 1 ] *ftw<7>m 1 <vmmfmKgk&im-&x 7 7 > r 

7<F>Mlfc$:7f:-f : ¥-mmx*>& 0 

im2] m±m 1 <r>m.mmrz'^7'v-7-^ v >; •? 7-m. 
i&zm-<-tzi%'k<r)m7Fmx3bz,o 
m 3 j m±m 1 o*^*g(75ii^ig^i!iHj-r z> mx~ 

[m4] *i§wo»2<5oii«sjB]gt-«-&aii6x^7>'r 



^WmW- 1 0 - 2 0 6 6 6 1 

[0 6] *^0*4 0*SlSi:g| ) fiS^^ v>r 
[117] n±»4 0jt*»lBO«*««*B»LfcH"C 

o 

119] EI 8 U «S L fc«ft £ it & S: EX L 

[HI 0] *«Wo»5 0**^«tc#***«Bitto 
[Hill] *»WO»6 0**®3B^«***»E»0 
[HI 2] *l&WO»7 0*JS«JRtzffi***fl|HKo 
[013] 7 OXttSltHlft^ ^ 9 > rVUgpo 

IBM] H±* 7 ^)fl«itfi$x ^ 7 > r;HBO 
[015] *»WO»8 0*ifc3BJKU«4**»Httco 
[01 6] |S|±SI8C0||Jfi^S"e«ffi/<^->^EaS: 
[017] «£*oaSSEf!ay f «iSx^7>'r^S:raWF 

[018] ^*(7>?^s^n . ffiffijewxtffflHft* ^ 9 > 
[019] a^ttwjEWBtffl^^fcfliatx^^^-r^ 
[020] 9t&<n\mmmm t ma* * ? > r/u t -s 

1,1' ,5, 71, 81 

2,2', 2", 6, 72, 82, 82' lt^° 

3, 31, 32, 83, 83' AjftBHIEXT- 

I 0 ^ftgT, 

II * 1 *tt 
12 *27feK 
1 3 -gTfcfflS 

1 4 fit*SEP» 

2A, 2B, 21 A, 21 B, 22A, 22B, 2A' , 2B' , 6A, 6B, 82A, 82B, 82A' , 8 
2B' 

k mm. 

pm m$L*?^>-7)\sm 
1 m smkcms 
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t#H3¥ 1 0-2 0 6 6 6 1 
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11 Claims, 10 Drawing Sheets 
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POLARIZATION SCRAMBLER AND 
INTEGRATED OPTICAL CIRCUIT MAKING 
USE THEREOF 

(1) Field of the Invention 

The present invention relates to a polarization scrambler 
which scrambles a polarization condition of a transmitted 
signal light as well as an integrated optical circuit making 
use thereof, and more specifically a polarization scrambler 
configured to reduce polarization dispersion as well as an 
integrated optical circuit which performs phase modulation, 
intensity modulation and polarization scrambling collec- 
tively. 

(2) Related Art of the Invention 

An optical long-haul transmission system crossing an 
ocean as wide as thousands of kilometers has conventionally 
been carried out transmission using optical/electronic regen- 
eration repeaters which convert optical signals into electric 
signals, and perform retiming, reshaping and regenerating of 
the signals- Under the present circumstances where 
progresses have been made in practical use of optical 
amplifiers, however, examinations are being made on optical 
amplifier repeated transmission systems which use optical 
amplifiers as linear repeaters. It is possible, by substituting 
the optical/electronic regeneration repeaters for optical 
amplifier repeaters, to remarkably reduce a number of parts 
disposed in repeaters and lower a cost with no degradation 
of reliability. 

In 1993, M. G. Tayler pointed out a phenomenon that 
noise light produced by an optical amplifier repeater is 
dependent on a polarization condition of a signal light, 
thereby increasing excessive noise light (polarization hole 
burning). Since the polarization hole burning not only low- 
ers a mean value of ratios of signal light relative to noise 
light (hereinafter referred to as optical SNR) but also 
increases fluctuation of optical SNRs, it posed a serious 
problem in optical amplifier repeater transmission. 

The polarization scrambling which varies a polarization 
condition of a signal light positively on a transmission side 
has been proposed as a countermeasure for the polarization 
hole burning phenomenon. The polarization scrambling can 
be performed, for example, by a method to use a phase 
modulator, another method to apply a stress from a side 
surface of an optical fiber or a third method to use two 
optical sources. 

F. Heismann et al, for example, succeeded in 1994 in 
improving a Q value by 4 dB at a repetition frequency of 
polarization condition of 40 kHz and 5 dB at 10.66 GHz by 
polarization scrambling using a phase modulator made of 
lithium niobate specified for 45° input in a polarization 
condition (LiNb0 3 : hereinafter referred to as LN) at a 
transmission speed of 5.33 Gb/s and a transmission distance 
of 8100 km. Polarization scrambling at the former repetition 
frequency which is lower than the transmission speed is 
referred to as low-speed polarization scrambling, whereas 
polarization at the latter repetition frequency which is higher 
than the transmission speed is referred to as high-speed 
polarization scrambling. The high-speed polarization scram- 
bling has an effect to suppress a fluctuation of an optical 
SNR due to loss which is dependent on polarization in a 
transmission line and optical amplifier repeaters, thereby 
being capable of providing a more remarkably improve- 
ment. 

Further, attentions are paid, as a method for enlarging 
capacities of optical transmission systems, to a wavelength 
division multiplexed (WDM) optical transmission system 
which transmits optical signals multiplexing two or more 
different wavelengths through a single transmission line. 
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A WDM optical amplifier repeater transmission system 
which is composed by combining the WDM optical trans- 
mission system with optical amplifier repeated transmission 
system described above is capable of amplifying optical 
signals having two or more different wavelengths collec- 
tively by using optical amplifiers, whereby the transmission 
system can have a simple (economical) configuration, a 
large capacity and a long transmission distance. 

It is important for the WDM optical amplifier repeated 
transmission system to reduce degradation of transmission 
characteristic due to a nonlinear effects in a transmission 
line. For example, the four-wave mixing which is one of the 
nonlinear effects is produced most frequently when polar- 
ization conditions of a plurality of optical signals are coin- 
cident with one another. It is therefore possible, by carrying 
out the high-speed scrambling, to set so that coincidence of 
polarization conditions of a plurality of optical signals 
cannot be positively continued. 

T. Naito et al., for example, succeeded in 1996 in 
lowering production ratio of the four-wave mixing by car- 
rying out the high-speed polarization scrambling at a polar- 
ization repetition frequency twice as high as a transmission 
speed and confirmed improvement in a transmission char- 
acteristic in experiments of a four-wavelength multiplex 
transmission system having a transmission speed of 5.33 
Gb/s and a transmission distance of 4800 km. 

Further, another problem important for the WDM optical 
amplifier repeater transmission system is to shorten channel 
intervals, or increase a number of multiplex wavelengths. 
However, the high-speed polarization scrambling broadens a 
spectrum of a signal light and constitutes hindrance to set 
multiple wavelength at a higher density. 

N. S. Bergano et al proposed in 1995 a high-speed 
polarization scrambling which broadens a spectrum of a 
signal light relatively a little and has a repetition frequency 
equal to a transmission speed. (See N. S. Bergano et al., 1 100 
Gb/s WDM transmission of twenty 5 Gb/s NRZ data chan- 
nels over transoceanic distances using a gain flattened 
amplifier chain', ECOC 95, Th. A. 3. 1, pp. 967-970, 1995.) 

The high-speed polarization scrambling suggested by 
this proposal is configured to perform polarization scram- 
bling of a polarization condition of a signal light subjected 
to intensity modulation. However, it is necessary for improv- 
ing a transmission characteristic to synchronize the intensity 
modulation of the signals with the polarization scrambling. 

Further, N. S. Bergano et al. proposed in 1996 a system 
which uses a combination of intensity modulation, phase 
modulation and high-speed scrambling for improving a 
transmission characteristic. (See N.S. Bergano et al., 'Bit- 
synchronous polarization and phase modulation scheme for 
improving the performance of optical amplifier transmission 
systems', Electronics Letters, Vol. 32, No. 1, PP. 52-54, 
1996.) 

A polarization scrambler using an LN phase modulator is 
a hopeful candidate as means for realizing polarization 
scrambling. However, this polarization scrambler has a 
defect to produce a difference in transmission delays 
between optical components having different directions due 
to a fact that an LN optical waveguide has a refractive index 
which is largely different dependency on directions. For 
example, F. Heinsmann et al. reported that the polarization 
scrambler produced a difference of 16 ps in transmission 
delays. This difference means a high polarization dispersion 
and poses a problem since it constitutes a cause for degra- 
dation of a transmission characteristic. 

As a countermeasure for such a high polarization 
dispersion, there has been proposed a technique to cancel the 
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polarization dispersion by connecting two LN phase modu- 
lators in parallel or in series so that an x axis of one LN 
optical waveguide is coincident with a y axis of the other LN 
optical waveguide and selecting voltages having phases 
reverse to each other for driving the LN modulators, for 
example, as reported by the inventor in the Autumn Com- 
munication Society Meeting by the Institute of Electronics, 
Information and Communication Engineers. Japan, B-755, 
1995 ('Optical amplifier repeater transmission systems with 
polarization scrambling') and by Y. Fukada et al. in the 
Communication Society Meeting by the Institute of 
Electronics, Information and Communication Engineers. 
Japan, B-1102 ('Analysis of the spectrum of a carrier 
depolarized by a polarization scrambler*). This technique 
makes it possible to lower the polarization dispersion and 
narrow a spectrum of a light subjected to polarization 
scrambling. 

However, the conventional technique described above 
requires, for preventing polarization dispersion from being 
caused by the polarization scrambling, combining same 
phase modulators and inputting an optical signal having a 
controlled polarization condition to each of the phase 
modulators, thereby posing problems that it complicates a 
system configuration for connecting the phase modulators to 
each other, and that it increases a number of required parts 
and a number of assembling stages, thereby enhancing a cost 
and making it difficult to configure a transmission system 
compact. 

When the intensity modulation, phase modulation and 
polarization scrambling are to be performed collectively, a 
larger number of light connecting points are required and 
connection loss is increased, thereby posing problems that 
an SNR is lowered in transmission light, that a large number 
of expensive parts are required, that a number of assembling 
stages such as splices is increased and that the transmission 
system is expensive as a result. 

SUMMARY OF THE INVENTION 

The present invention which has been made in view of the 
problems described above has an object to provide a polar- 
ization scrambler which is configured to reduce polarization 
dispersion, has a simple configuration and can be manufac- 
tured at a low cost. Another object of the present invention 
is to provide an integrated optical circuit which has a 
polarization scrambling function, a phase modulation func- 
tion or a intensity modulation function and a simple con- 
figuration. 

For accomplishing the objects described above, the polar- 
ization scrambler according to the present invention com- 
prises a first splitter for splitting an incident signal light into 
two, a first optical path which is made of a material having 
an electrooptical effect and receives one of the signal lights 
split by the first splitter, a second optical path which is made 
of a material having an electrooptical effect and receives the 
other signal light split by the first splitter, a first voltage 
supplier which applies a voltage to at least one of sections 
set in the first optical path and the second optical path for 
varying a phase of a signal light propagated through the 
section, a first coupler which combines signal lights propa- 
gated through the first optical path and the second optical 
path, and a first plane-of-polarization rotator which rotates a 
polarization of the signal light in at least one of the first 
optical path and the second optical path between the section 
and the first coupler for adjusting a relative polarization 
angle between signal lights propagated through the first 
optical path and the second optical path. 

In the polarization scrambler having the configuration 
described above, a signal light input into the first splitter is 
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split into two and propagated through the first and second 
optical paths, and a phase of the signal light is varied 
dependently on the voltage applied by the first voltage 
supplier. Further, polarization of the signal light propagated 
through at least one of the first and second optical paths is 
rotated by the first plane-of-polarization rotator, whereby the 
relative polarization angle between the signal lights is 
adjusted. The signal lights having passed through the first 
optical path and the second optical path are combined by the 
first coupler, whereby polarization condition of the incident 
signal light is scrambled and allowed to emerge. 

Accordingly, the polarization dispersion is allowed only 
within a limited section after the signal light has passed 
through the plane-of-polarization rotator and it is therefore 
possible to obtain a polarization scrambler which has a 
simple configuration and scarecely allows polarization dis- 
persion. 

The first plane-of-polarization rotator can be configured 
so as to adjust the relative polarized wave angle between the 
signal lights to an angle around 90°. Further, the first 
plane-of-polarization rotator may comprise a first rotor in 
one of the first optical path and the second optical path 
between the section and the first coupler, and the first rotor 
rotates a polarization of the signal light approximately 90° or 
comprise a second rotor and a third rotor in the first optical 
path and the second optical path between the section and the 
coupler, one of the second rotor and the third rotor rotates a 
polarization of the signal light approximately 45°, and the 
other rotor rotates a polarization of the signal fight approxi- 
mately -45°. 

Accordingly, the polarization conditions of the signal 
lights which have passed through the first optical path and 
the second optical path are adjusted by the first plane-of- 
polarization rotator so as to have a relative polarization 
angle around 90°. When a rotor is disposed in each of the 
first and second optical paths in particular, influences pro- 
duced by inserting the plane-of-polarization rotator are 
approximately equalized between the optical paths, thereby 
making it possible to improve transmission performance for 
the combined signal light. 

The first voltage supplier may be configured to apply 
voltages having phases reverse to each other to the sections 
set in the first optical path and the second optical path 
respectively. 

Since the phases of the signal lights propagated through 
the first optical path and the second optical path are varied 
in directions different from each other by the first voltage 
supplier, amplitudes of the applied voltages are narrowed, 
thereby making it possible to reduce power consumption. 

Further, the integrated optical circuit according to the 
present invention is an integrated optical circuit using the 
polarization scrambler described above. This integrated 
optical circuit comprises a third optical path which has an 
end joined to an input end of the first splitter of the 
polarization scrambler and the other end for propagating an 
input signal fight to the first splitter, and is made of a 
material having an electrooptical effect and a first phase 
modulation voltage supplier which applies a predetermined 
voltage to a predetermined section set in the third optical 
path for performing phase modulation of a propagated signal 
fight, wherein the integrated optical circuit is configured to 
allow a signal light in a linear polarization condition which 
has components only in one direction relative to the third 
optical path, perform phase modulation and polarization 
scrambling collectively and allow the signal light to emerge 
from the first coupler of the polarization scrambler. 
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la this integrated optical circuit, a signal light incident 
onto the third optical path is first subjected to the phase 
modulation by the first phase modulation voltage supplier 
while being propagated through the third optical path. Polar- 
ization scrambling of the signal light subjected to the phase 
modulation is carried out by propagating the signal light 
through the first splitter, the first and second optical path and 
the first coupler. 

Another integrated optical circuit is an integrated optical 
circuit using the polarization scrambler described above, 
wherein the integrated optical circuit comprises a second 
splitter for splitting an incident signal light into two, a fourth 
optical path which is made of a material having an elec- 
trooptical effect and through which one of the signal lights 
split by the second splitter, a fifth optical path which is made 
of a material having an electrooptical effect and through 
which the other signal light split by the second splitter, a first 
intensity modulation voltage supplier which applies a pre- 
determined voltage to at least one of predetermined sections 
set in the fourth optical path and the fifth optical path 
respectively for performing phase modulation of a signal 
light propagated through the section, and a second coupler 
which has an output end joined to an input end of the first 
splitter of the polarization scrambler, combines signal lights 
propagated through the fourth optical path and the fifth 
optical path, and output a combined signal light, wherein the 
integrated optical circuit is configured to allow signal lights 
in a linear polarization condition which has components 
only on one direction relative to the fourth optical path and 
the fifth optical path, perform intensity modulation and 
polarization scrambling collectively, and allow the signal 
light to emerge from the first coupler of the polarization 
scrambler. 

In this integrated optical circuit, a signal light incident 
onto the second splitter is split into two, propagated through 
the fourth and fifth optical paths, subjected to the phase 
modulation by the first intensity modulation voltage supplier 
and combined by the second coupler for intensity modula- 
tion. Polarization scrambling is performed by propagating 
the signal light subjected to the intensity modulation through 
the first splitter, the first and second optical paths, and the 
first coupler. 

Each of the integrated optical circuits makes it possible to 
carry out the phase modulation and the polarization scram- 
bling or the intensity modulation and the polarization scram- 
bling collectively and easily with a single integrated optical 
circuit, and reduce spectral diffusion of a signal light caused 
by the polarization scrambling. Further, the integrated opti- 
cal circuit improves an optical SNR of a transmission light 
since it has optically connected points in a number smaller 
than that of the optically connected points formed by con- 
necting a polarization scrambler to a phase modulator and an 
intensity modulator respectively. Furthermore, the inte- 
grated optical circuit described above requires no phase 
adjustment at a stage to connect the component units, 
reduces a number of required parts, reduces a number of 
assembling stages such as splices and lowers a necessity to 
use expensive parts, thereby lowering a cost. In addition, the 
integrated circuit requires no connecting optical fibers and 
can be configured compact. 

Still another integrated optical circuit according to the 
present invention comprises phase modulator having an 
optical path which is made of a material having an elec- 
trooptical effect and through which a signal light is 
propagated, and phase modulation voltage supplier which 
applies a predetermined voltage to a section set in the optical 
path for phase modulation of the propagated signal light, a 
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polarization scrambler having an optical path which is made 
of a material having an electrooptical effect and through 
which a signal light is propagated, and a voltage supplier 
which applies a voltage to a section set in the optical path for 
varying a phase of the signal light propagated through the 
section, and a first plane-of-polarization rotator which con- 
nects an output end of the phase modulator to an input end 
of the polarization scrambler, rotates a polarization of a 
signal light propagated through the optical path of the phase 
modulator and outputs a signal light in a polarization con- 
dition where it has components in two directions. Further, 
the integrated optical circuit may have an electrode which 
applies a voltage commonly to the phase modulator and the 
polarization scrambler. 

In the integrated optical circuit having the configuration 
described above, a signal light incident onto the optical path 
of the phase modulator is first propagated through the optical 
path for phase modulation by the phase modulation voltage 
supplier. A polarization of the signal light which has been 
subjected to the phase modulation is rotated by the first 
plane-of-polarization rotator, whereby the signal light is set 
in a polarization condition which has components in two 
directions. Polarized scrambling is carried out by the voltage 
supplier by propagating the signal light through the optical 
path of the polarization scrambler. 

With the integrated optical circuit which has a simple 
configuration utilizing that of the conventional polarization 
scrambler, it is possible to perform phase modulation and 
polarization scrambling collectively and easily, improve a 
transmission characteristic, lower a cost and configure a 
optical transmission system compact. 

Furthermore, a further another integrated optical circuit 
according to the present invention comprises an intensity 
modulator comprising a splitter for splitting an incident 
signal light into two, a first optical path which is made of a 
material having an electrooptical effect and through which 
one of signal lights split by the splitter is propagated, a 
second optical path which is made of a material having an 
electrooptical effect and through which the other signal light 
split by the splitter is propagated, an intensity modulation 
voltage supplier which applies a voltage to at least one of 
sections set in the first optical path and the second optical 
path for performing phase modulation of the signal light 
propagated through the section, and a coupler for combining 
signal lights propagated through the first optical path and the 
second optical path, a polarization scrambler having an 
optical path which is made of a material having an elec- 
trooptical effect and through which a signal light is 
propagated, and a voltage application section which applies 
a voltage to a section set in the optical path for varying a 
phase of the signal light propagated through the section, and 
a first plane-of-polarization rotator which connects an output 
end of the intensity modulator to an input end of the 
polarization scrambler, rotates a polarization of a signal light 
output from the coupler of the intensity modulator, and 
outputs a signal light in a polarization condition which has 
components in two directions to the optical path of the 
polarization scrambler, wherein the integrated circuit is 
configured to allow a signal light in a linear polarization 
condition which has components only in one direction to be 
incident onto the splitter of the intensity modulator, perform 
intensity modulation and polarization scrambling of the 
signal light collectively, and allow the signal light to emerge 
from the polarization scrambler. 

In the integrated optical circuit having the configuration 
described above, a signal light incident onto the splitter of 
the intensity modulator is split into two and propagated 
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through the first and second optical paths, subjected to phase 
modulation by the intensity modulation voltage supplier and 
combined by the coupler for intensity modulation. A polar- 
ization of the signal light which has been subjected to the 
intensity modulation is rotated by the first plane-of- 5 
polarization rotator so that the signal light is set in a 
polarization condition having components in two directions 
and the signal light is propagated through the optical path of 
the polarization scrambler for polarization scrambling by the 
voltage supplier. 10 

With the integrated optical circuit having the simple 
configuration utilizing the composition of the conventional 
polarization scrambler, it is possible to perform intensity 
modulation and polarization scrambling collectively and 
easily, improve a transmission characteristic, reduce a cost 15 
for an optical transmission system and configure it compact. 

Moreover, the integrated optical circuit which utilizes the 
composition of the conventional polarization scrambler may 
comprise a second plane-of-polarization rotator for rotating 
approximately 90° a polarization of a signal light emerging 20 
from the polarization scrambler, and a compensating polar- 
ization scrambler having an optical path which is made of a 
material having an electrooptical effect and through which a 
signal light output from the second plane-of-polarization 
rotator is propagated, and a voltage supplier which applies 25 
a predetermined voltage to a predetermined section set in the 
optical path for varying a phase of the signal light propa- 
gated through the section, wherein the compensating polar- 
ization scrambler is configured to compensate polarization 
dispersion caused by the polarization scrambler. 3C 

In the integrated optical circuit having the configuration 
described above, a polarization of the signal light emerging 
from the polarization scrambler is rotated approximately 90° 
by the second plane-of-polarization rotator, whereby the 
components in the two directions in the optical path of the 35 
compensating polarization scrambler are converted to each 
other. When the signal light is propagated through the 
optical path of the compensating polarization scrambler, a 
polarization condition is varied so that polarization disper- 
sion is cancelled by the voltage supplier. 40 

Since the polarization dispersion caused by the polariza- 
tion scrambler is cancelled by the compensating polarization 
scrambler, it is possible to obtain an integrated optical circuit 
having more excellent transmission characteristic. 45 

Other objects, characteristics and merits of the present 
invention will be apparent from the following description of 
the embodiments made with reference to the accompanying 
drawings. 

BRIEF EXPLANATION OF THE DRAWINGS 50 

FIG. 1 is a plan view illustrating a configuration of a first 
embodiment of the polarization scrambler according to the 
present invention; 

FIG. 2 is a diagram exemplifying a case where the first 55 
embodiment uses a coplanar strip line; 

FIG. 3 is a diagram descriptive of polarization conditions 
in the first embodiment; 

FIG. 4 is a plan view illustrating a configuration of a 
second embodiment of the polarization scrambler according 60 
to the present invention and polarization conditions therein; 

FIG. 5 is a plan view illustrating a configuration of a third 
embodiment of the polarization scrambler according to the 
present invention and polarization conditions therein; 

FIG. 6 is a plan view illustrating a configuration of a 65 
fourth embodiment of the polarization scrambler according 
to the present invention; 
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FIG. 7 is a diagram descriptive of polarization conditions 
in the fourth embodiment; 

FIGS. 8(A) and 8(B) are diagrams exemplifying a case 
wherein disposition of a plane-of-polarization rotating ele- 
ment is modified; 

FIGS. 9(A) and 9(B) are diagrams descriptive of polar- 
ization conditions in the configurations shown in FIGS. 8(A) 
and 8(B); 

FIG. 10 is a plan view illustrating a configuration of a fifth 
embodiment of the integrated optical circuit according to the 
present invention; 

FIG. 11 is a plan view illustrating a configuration of a 
sixth embodiment of the integrated optical circuit according 
to the present invention; 

FIG. 12 is a plan view illustrating a seventh embodiment 
of the integrated optical circuit according to the present 
invention; 

FIGS. 13(A), 13(B) and 13(C) are diagrams exemplifying 
modifications of a configuration of a polarization scrambler 
in the seventh embodiment; 

FIGS. 14(A), 14(B) and 14(C) are diagrams exemplifying 
other modifications of the configuration of the polarization 
scrambler in the seventh embodiment; 

FIG. 15 is a plan view illustrating a configuration of an 
eighth embodiment of the integrated optical circuit accord- 
ing to the present invention; 

FIG. 16 is a diagram exemplifying disposition of an 
electrode pattern in the eighth embodiment; 

FIG. 17 is a diagram exemplifying a configuration of a 
polarization scrambler using the conventional phase modu- 
lator; and 

FIG. 18 is a diagram exemplifying a conventional con- 
figuration for performing phase modulation or intensity 
modulation and polarization scrambling collectively. 

PREFERRED EMBODIMENTS 

First, description will be made of a polarization scrambler 
adopting a phase modulator which is generally used. 

A configuration of the polarization scrambler which uses 
the conventional phase modulator is exemplified in FIG. 17. 

In FIG. 17, the polarization scrambler performs polariza- 
tion scrambling with a phase modulator having a straight- 
fine type LiNb0 3 (LN) optical waveguide 91 on which an 
electrode pattern 92 is disposed. The LN optical waveguide 
91 is made of an LN crystal material having an electrooptical 
effect which is formed into a straight-line type optical 
waveguide and varies a refractive index for phase modula- 
tion by applying a modulation voltage from the electrode 
pattern 92 disposed on a surface thereof. The LN optical 
waveguide 91 receives an optical signal having linear polar- 
ization at an azimuth of approximately 45° relative to the x 
axis and the y axis shown in the drawing, and performs 
polarization scrambling by varying a phase difference 
between an x component and a y component of the input 
light in response to the modulation voltage. A phase differ- 
ence A<j)(t) is expressed by the following equation: 

a<K(* )^MK^33-VYi3)n<)Lrj 

wherein the reference X represents a light wavelength, the 
reference symbol n 0 designates a refractive index for the 
ordinary light, the reference symbol n e denotes a refractive 
index for the extraordinary light, the reference symbols Yi 3 
and y 33 represent electrooptical constants, the reference 
symbol V(t) designates a modulation (applied) voltage, the 
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reference symbol L denotes an electrode length and the 
reference symbol F represents a modulation voltage reduc- 
tion coefficient- The phase difference A(j>(t) is proportional to 
the modulation voltage as expressed by the equation. 

The conventional polarization scrambler described above 5 
has a defect that a difference in transmission delays is 
produced between the components in the different directions 
due to a fact that the LN optical waveguide 91 has a 
refractive index which is largely different between the x and 
y directions. io 

Now, description will be made of the embodiments of the 
present invention which has been made taking the defect 
described above into consideration. 

FIG. 1 shows a configuration of a first embodiment of the 
polarization scrambler according to the present invention. 15 

In FIG. 1, the polarization scrambler is composed of a 
optical waveguide 1 which is configured in the Mach- 
Zehnder (hereinafter referred to as MZ) form on a base plate 
K, an electrode pattern 2 which is disposed as a first voltage 
supplier in a predetermined shape on the base plate K and a 20 
plane-of-polarization rotating element 3 which is inserted as 
a first rotor in a predetermined location in the optical 
waveguide 1. For description that follows, let us adopt, for 
the polarization scrambler, a rectangular coordinates system 
on which a signal light propagation direction is taken as the 25 
z axis, a direction perpendicular to the propagation direction 
in the plane of the base plate K is taken as the x axis and a 
direction perpendicular to the plane of the base plate K is 
taken as the y axis. 

The optical waveguide 1 is made of a material having an 30 
electrooptical effect, for example, lithium niobate LiNb0 3 
(LN). The optical waveguide 1 is composed of a splitting 
section 10 functioning as first splitter for splitting an inci- 
dent light into two, a first optical path 11 and a second 
optical path 12 through which split optical signals are to be 35 
propagated, and a combining section 13 serving as first 
coupler for combining signal lights from the first and second 
optical paths 11 and 12. 

The electrode pattern 2 has, for example, a first electrode 
2 A which varies a refractive index for performing phase 40 
modulation of fight by applying an electric field to the first 
optical path 11 and a second electrode 2B. The first electrode 
2A is a pattern having an inverted U shape and disposed on 
the base plate K along the first optical path 11. The second 
electrode 2B is a rectangular pattern and disposed on the 45 
base plate K so as to be enclosed by the first electrode 2A 
with a predetermined spacing reserved therefrom. Applied to 
the first electrode 2A is a modulation voltage having a 
predetermined waveform described later and the second 
electrode 2B is grounded. Though the first embodiment is 50 
not limited to use the electrode pattern 2 which is similar to 
a microstrip line (asymmetrical coplanar strip line) but may 
adopt, for example, a coplanar strip line as shown in FIG. 2. 

The combination of the optical waveguide 1 and the 
electrode pattern 2 has a composition similar to that of an 55 
LN type light modulator which is generally used. 

The plane-of-polarization rotating element 3 is a rotor 
which output an input signal light after rotating its polar- 
ization approximately 90° in one direction. This rotating 
angle is not limited to 90° but may be around 90°, or 60 
concretely on the order of 90±10°. The plane-of-polarization 
rotating element 3 is inserted, for example, in the course of 
the first optical path. The inserting location is selected 
between the electrode pattern 2 and the combining section 
13. As an inserting method, it is conceivable to insert the 65 
plane-of-polarization rotating element 3 prepared as an 
independent part into the optical waveguide 1 which is 
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preliminarily formed or to form the optical waveguide 1 
integrally with the plane-of-polarization rotating element 3. 

Now, description will be made of functions of the first 
embodiment. 

First, a signal light emitted from a light transmitter (not 
shown) or the similar apparatus is incident onto the splitting 
section 10 of the optical waveguide 1. The incident signal 
light is controlled, for example, so that its polarization 
condition is in a vertical linear polarization (in the direction 
of the y axis) as indicated by a vector at a location (a) in FIG. 
3. In FIG. 3, polarization conditions of the incident light at 
various location of the optical waveguide 1 are indicated by 
vectors on an xy plane. Using a horizontal component (in the 
direction of the x axis) and a vertical component (in the 
direction of the y axis), a polarization condition of the 
incident light is expressed by Equation (1): 

(pc, y)=(0 t cos cof) or (0, sin (of) (l) 

wherein the reference symbol go represents an angular fre- 
quency and the reference symbol t designates a time. 
Though only (0, cos cot) is used for description that follows, 
(0, sin cot) can also be used similarly for consideration of 
polarization conditions. 

The signal light is split into two by the splitting section 10 
and led into the first optical path 11 and the second optical 
path 12. Each of the split signal lights has a power equal to 
X A of a power of the incident light. Since each of the signal 
lights is vertical linear polarization as shown at a location (b) 
in FIG. 3, or has a polarization condition which remains 
unchanged from that at the incident stage, and an optical 
power is proportional to a square of its electric field, each of 
the polarization conditions of the signal lights is expressed 
by Equation (2) which is similar to Equation (1): 

(x, y)=(0, W 2 cos of) (2) 

Then, phase modulation is performed by propagating the 
signal lights through the first optical path 11 and the second 
optical path 12 having the electrode pattern 2. A phase 
difference is produced between the signal lights since refrac- 
tive index of the optical waveguide varies dependently on a 
modulation voltage applied to the electrode pattern 2, and 
speeds of the signal lights travelling through the first and 
second optical paths 11 and 12 are made different from each 
other. When an electric field of the signal light propagated 
through the first optical path 11 is represented by El and an 
electric field of the signal light propagated through the 
second optical path 12 is designated by E2, the electric fields 
El and E2 are expressed as follows: 

£"l=cos (cof+4>l), ^2=cos(cor-4>2) 

wherein the reference symbols <|>1 and (J>2 represent phases of 
the signal lights propagated through the first and second 
optical paths 11 and 12 respectively. 

A phase difference A<|)(=<t>l -<))2) is proportional to an 
applied modulation voltage as described above. The modu- 
lation voltage is set so as to periodically vary the phase 
difference A<j> substantially within a range of O-jt.. In the first 
embodiment, the phase difference A<|> is periodically modu- 
lated at 0.768 jcsin([)rt(cor: repetition frequency) by applying, 
for example, a modulation voltage having a sinusoidal wave 
to the electrode pattern 2. Speaking more concretely, the 
phase of the signal light propagated through a first optical 
path 11 is varied dependently on a modulation voltage 
applied to the a first electrode 2A, whereas the phase of the 
signal light propagated through the second optical path 12 
remains substantially constant since the second electrode 2B 
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is grounded. Polarization conditions of the signal lights 
which have been subjected to the phase modulation are 
shown at a location (c) in FIG. 3. The polarization condition 
of the signal light propagated through the first optical path 
11 is shown as a condition wherein a substantial phase 
difference A<j) becomes 0 or ji and this phase difference is 
used also for description that follows. These polarization 
conditions are expressed as follows: 

In the first optical path (^>) = (0,(1/ 2) m cosu>t)[&4> = 0] < 3 ) 
= (0, -(l/2) 1/2 cosatf)[A0 = jt] 
En the second optical path y) - (0 T 1 /2) 1/2 cosojf)[A0 = 0 ~ n] 

Out of the signal lights which have been subjected to the 
phase modulation, the signal light propagated through the 
first optical path 11 is input into the plane-of-polarization 
rotating element 3 and its polarization is rotated approxi- 
mately 90°. Generally speaking, a conversion for rotating a 
polarization at an angle of a° can be expressed by a matrix 
R(a) represented by the following numeral 1. 
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' cosor — sma y 



w sinar cosar 



[Numeral 1] 
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A polarization condition of a signal light output from the 
plane-of-polarization rotating element 3 is shown at a loca- 
tion (d) in FIG. 3. This condition is expressed as follows: 



30 



y) = (-(l/2) 1/2 cos^ O)[A0 = 0} 
= ((l/2) 1/2 cosw/ > O)[A0 = 7r] 



(4) 



Then, the signal light having passed through the plane- 
of-polarization rotating element 3 and the signal light propa- 
gated through the second optical path 12 are combined and 
output. The combined signal light is in a linear polarization 
wherein an angle 8 formed between the x axis and a 
polarization is 135° at phase difference A<j)=0 and the angle 
6 formed between the x axis and the polarization is 45° at a 
phase difference of A<J)=jt. This polarization condition is 
expressed as follows: 



(jc, y) = (- 1 / 2 cosoji, 1/2 coscor)[A<p = 0] 
= (1 / 2 cos6j/, 1 / 2coscjO[A0 = 7t] 



(5) 



Polarization scrambling of the signal light transmitted 
from a light transmitter or the similar apparatus is performed 
as described above. In the first embodiment, polarization 
dispersion caused by the polarization scrambler is limited 
within a section from the plane-of-polarization rotating 
element 3 to an exit end of the combining section 3. In other 
words, signal lights are composed only of components 
having the same direction (the direction of the y axis) and 
polarization dispersion is scarecely caused in the splitting 
section 10, the first optical path 11 and the second optical 
path 12, whereas the signal lights have x axis components 
and y axis components, and polarization dispersion is caused 
only in a section from the plane-of-polarization rotating 
element 3 to the exit end of the combining section 13. 
Accordingly, the first embodiment is capable of reducing the 
polarization dispersion below approximately Vz of that 
caused in the conventional polarization scrambler which has 
an optical path length equal to that of the first embodiment 
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and uses a phase modulator receiving an incident light at an 
angle of 45° (having the x and y components). 

As understood from the foregoing description, the first 
embodiment makes it possible to provide a polarization 
scrambler which has a simple on configuration and allows a 
little polarization dispersion by disposing a plane-of- 
polarization rotating element 3 in the optical waveguide 1 
having a composition similar to that of the general LN type 
light modulator. On an assumption that the optical 
waveguide 1 and the plane-of-polarization rotating element 
3 can be integrated with each other, it is possible to manu- 
facture the polarization scrambler preferred as the first 
embodiment through steps which are substantially the same 
as those for the conventional LN type light modulator. 
Now, description will be made of a second embodiment. 
In the second embodiment, a location for inserting a 
plane-of-polarization rotating element is selected in a second 
optical path 12 in place of the first optical path 11 which is 
selected as the location for inserting the plane-of- 
polarization rotating element 3 in the first embodiment. 

FIG. 4 shows a configuration of the second embodiment 
and polarization conditions of a signal light. 

Concretely speaking of a difference between the polar- 
ization scrambler preferred as the second embodiment and 
the first embodiment with reference to FIG. 4, a plane-of- 
polarization rotating element 3 is inserted in a second optical 
path 12 between a combining section 13 and an electrode 
pattern 2 in the second embodiment. The plane-of- 
polarization rotating element 3 is the same as that used in the 
first embodiment but is disposed at a different location. 
Other members of the second embodiment remain 
unchanged from those of the first embodiment and will not 
be described in particular. Like the first embodiment, the 
second embodiment is not limited to the electrode pattern 2 
which is of a microstrip line type shown in FIG. 4 but may 
adopt an electrode pattern of a coplanar strip line type (see 
FIG. 2). 

Now, functions of the second embodiment will be 
described below. 

At steps from the incidence of a signal light onto the 
splitting section 10 to the phase modulation in the first 
optical path 11 and the second optical path 12, the polar- 
ization scrambler preferred as the second embodiment func- 
tions quite the same as the first embodiment, and polariza- 
tion conditions at various locations are indicated by vectors 
at locations (a) through (c) and expressed by Equations (1) 
through (3) described above. 

The signal light which has passed under the electrode 
pattern 2 through the second optical path 12 is input into the 
plane-of-polarization rotating element 3 and its polarization 
is rotated approximately 90°. A polarization condition at this 
time is indicated at a location (d) in FIG. 4 and expressed as 
follows: 



(x, j>H-(i*) 3/2 cos 0)[A<J)=0~ji) 



(4)' 
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The signal light which has passed through the first optical 
path 11 and the signal light which has passed through the 
plane-of-polarization rotating element 3 are combined by the 
combining section 13 and output. The combined signal light 
is in a linear polarization where an angle 0 formed between 
the x axis and a polarization is 135° at a phase difference 
A(J>=0 and an angle 6 formed between the x axis and the 
polarization is 225° at a phase difference A<j>=jt. This is 
expressed as follows: 
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(x, y) = (- 1 /2 coscoi, 1 l2co$cjt)[&4> = 0] 

= (-l/2coso>r, -, l/2coso>))[A0 = 7r] 
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matrix R (a=-45) described above). A polarization condi- 
tion at this time is shown at a location (d) in FIG. 5 and 
expressed as follows: 



(pc, y)=(Yi cos (j>t, VScos o>/) [A<p=0~n~\ 



(4.2) 



The second embodiment having the configuration 
wherein the plane-of-polarization rotating element 3 is 
inserted in the second optical path 12 can provide an effect 
similar to that of the first embodiment. 

Now, a third embodiment will be described below. 

The third embodiment is characterized in that two plane- 
of-polarization rotating elements 31 and 32 are disposed in 
a first optical path 11 and a second optical path 12 respec- 
tively in place of the plane-of-polarization rotating element 
3 used in the first or second embodiment. 

FIG. 5 shows a configuration of the third embodiment and 
polarization conditions of a signal light. 

As shown in FIG. 3, a polarization scrambler preferred as 
the third embodiment has a configuration wherein the plane- 
of-polarization rotating element 31 is disposed as a second 
rotor at the location of the plane-of-polarization rotating 
element 3 in the first embodiment and the plane-of- 
polarization rotating element 32 is disposed as a third rotor 
at the location of the plane-of-polarization rotating element 
3 in the second embodiment. Other members of the third 
embodiment are the same as those of the first or second 
embodiment and will not be described in particular. 

The plane-of-polarization rotating element 31 receives a 
signal light which has passed under an electrode pattern 2 
through the first optical path 11 and outputs the signal after 
rotating its polarization approximately 45°. The plane-of- 
polarization rotating element 32 receives a signal light 
which has passed under the electrode pattern 2 through the 
second optical path 12 and outputs the signal after rotating 
its polarization approximately -45°. The plane-of- 
polarization rotating elements 31 and 32 are not limited to 
the rotating angles of 45° and -45°, but may have a relative 
rotating angle around 90°, or concretely on the order of 
90+10°. The plane-of-polarization rotating elements 31 and 
32 can be inserted by a method similar to that for the 
plane-of-polarization rotating element 3 described above. 

Now description will be made of functions of the third 
embodiment. 

At stages from the incidence of the signal light onto the 
splitting section 10 to the phase modulation in the first 
optical path 11 and the second optical path 12, the polar- 
ization scrambler preferred as the third embodiment func- 
tions similarly to the first embodiment, and polarization 
conditions at various locations are indicated by vectors at 
locations (a) through (c) in FIG. 5 and expressed by Equa- 
tions (1) through (3) described above. 

The signal light which has passed through the first optical 
path 11 under the electrode pattern 2 is input into the 
plane-of-polarization rotating element 31 and its polariza- 
tion is rotated approximately 45° (according to the matrix 
R(a=45) described above). A polarization condition at this 
time is shown at a location (d) in FIG. 5 and expressed as 
follows: 
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The signal lights having passed through the plane-of- 
polarization rotating elements 31 and 32 are combined by 
the combining section 13 and output. The combined signal 
light is linear polarization in a condition where an angle 6 
formed between the x axis and the polarization 90° at phase 
difference A(j)=0 and the angle formed between the x axis and 
the polarization is 0° at a phase difference A<()=jr. This 
polarization condition is expressed as follows: 



(*, y) = (0, cosur)[A0 = 0] 
= (cosfctf, O)[A0 = jz] 



(5r 
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C*. >) = (-! /2cosw/, 1 /2cos^)[A0 = 0] 
= (1/2cos&j/\ -1 /2cosu>t)[A<f> = it] 



(4-1) 



Further, the signal light which has passed through the 
second optical path 12 under the electrode pattern 2 is input 
into the plane-of-polarization rotating element 32 and its 
polarization is rotated approximately -45° (according to the 
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The third embodiment performs polarization scrambling 
of a signal light emitted from a light transmitter or a similar 
apparatus as described above and is capable of reducing 
polarization dispersion. Further, the third embodiment is 
capable of improving a transmission characteristic for the 
25 combined signal light since it has a configuration wherein 
the first optical path 11 and the second optical path are 
symmetrical, thereby nearly equalizing influences due to the 
insertion of the plane-of-polarization rotating element in 
both the optical paths. 

Now, a fourth embodiment will be described below. 
The fourth embodiment is characterized in that it uses an 
electrode pattern 2' which has a shape different from that of 
the electrode pattern adopted in each of the first through 
third embodiments. 

FIG. 6 shows a configuration of the fourth embodiment. 
As shown in FIG. 6, the electrode pattern 2* of the 
polarization scrambler preferred as the fourth embodiment is 
composed, unlike the electrode pattern 2, of four electrodes 
21A, 21B, 22 A and 22B. Members other than the electrode 
pattern 2' are the same as those of the first embodiment and 
will not be described in particular. 

The electrode pattern 21A is a U-shaped pattern and has 
a side 21a disposed on a base plate K so as to be along a first 
optical path 11, whereas the electrode pattern 21B is a 
rectangular pattern which is disposed on the base plate K so 
that its periphery is enclosed by the electrode 21A with a 
predetermined spacing reserved therefrom. In contrast, the 
electrode 22Ais a U-shaped pattern which is disposed on the 
base plate K along a second optical path 12 so that a side 22a 
is along a second optical path 12 and the electrode 22a is a 
rectangular pattern which is disposed on the base plate K so 
that its periphery is enclosed by the electrode 22 A with a 
predetermined spacing reserved therefrom. Modulation volt- 
ages having phases reverse to each other, a waveform which 
is the same as that of the modulation voltage described 
above and an amplitude equal to Vi of that of the modulation 
voltage are applied to the electrodes 21 A and 22A, whereas 
the electrodes 21B and 22B are grounded. 

Description will be made of functions of the fourth 
embodiment. 

From a stage where a signal light is incident on the 
splitting section 10 to a stage where split signal lights are led 
into the first optical path and the second optical path 12, 
functions of a polarization scrambler preferred as the fourth 
embodiment remain unchanged from those of the first, 
second or third embodiment, but phase modulation per- 
formed in each of the optical paths of the fourth embodiment 
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is different from that in the first, second or third embodi- 
ment. Since it is difficult to represent polarization conditions 
of the signal light subjected to phase modulation in the 
fourth embodiment simply by vectors on the xy plane, 
functions of the fourth embodiment will be described by 
expressing the polarization conditions with x and y compo- 
nents of its electricfield. 

FIG. 7 shows variations of polarization conditions at 
various locations in a optical waveguide 1. Locations (a) 
through (e) correspond to those represented by the same 
reference symbols in FIG. 6. 

A polarization condition of the signal light incident on the 
polarization scrambler and polarization conditions of signal 
lights split by the splitting section 10 are the same as those 
expressed by Equations (1) and (2). In the fourth embodi- 
ment which applies modulation voltages to both the first 
optical path 11 and the second optical path 12, phases of the 
signal lights passing through the optical paths are varied. 
Polarization conditions of the signal lights which have 
passed under the electrode pattern 2* are expressed at a 
location (c) in FIG. 7. As in the first embodiment, a signal 
light which has passed through the first optical path 11 is 
input into the plane-of-polarization element 3 and its polar- 
ization is rotated approximately 90°. A polarization condi- 
tion of the signal light is expressed at a location (d) in FIG. 
7. Signal lights which have passed through the optical paths 
are combined by the combining section 13 and output. The 
polarization condition of the combined signal light is linear 
polarization in a condition where an angle 0 formed between 
the x axis and the polarization is 135° at phase difference 
A<j)=0 and the angle formed between the x axis and the 
polarization 0 is 225° at phase difference A$=tz as shown at 
a location (e) in FIG. 7. 

The fourth embodiment which uses the electrode pattern 
2' not only provides an effect similar to that obtained by the 
first embodiment but also permits reducing an amplitude of 
applied modulation voltages to Vz of that adopted for the first 
embodiment, thereby reducing electric power consumed by 
the polarization scrambler. 

Though the plane-of-polarization rotating element 3 is 
inserted in the first optical path 11 in FIG. 6 as in the first 
embodiment (FIG. 1), a composition of the fourth embodi- 
ment which uses the electrode pattern 2' is not limited to that 
shown in FIG. 6. For example, the fourth embodiment may 
select a composition similar to that of the second embodi- 
ment wherein the plane-of-polarization rotating element 3 is 
inserted in the second optical path 12 as shown in FIG. 8(A) 
or a composition similar to that of the third embodiment 
wherein the plane-of-polarization rotating elements 31 and 
32 are inserted in the first and second optical paths 11 and 
12 respectively as shown in FIG. 8(B). When the fourth 
embodiment adopts either of these compositions, its func- 
tions can be considered similarly. Polarization conditions in 
the composition shown in FIG. 8(A) are expressed in FIG. 
9(A), whereas polarization conditions in the composition 
shown in FIG. 8(B) are illustrated in FIG. 9(B). 

Now, description will be made of a fifth embodiment. 
The fifth embodiment is an embodiment of an invention 
defined by claim 6, or is an integrated optical circuit wherein 
the polarization scrambler preferred as the second embodi- 
ment has an additional phase modulation function for per- 
forming phase modulation and polarization scrambling at 
the same time. 

FIG. 10 shows a configuration of the fifth embodiment. 
The configuration of the integrated optical circuit pre- 
ferred as the fifth embodiment shown in FIG. 10 is different 
from that of the polarization scrambler preferred as the 
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second embodiment in that a optical waveguide V having a 
phase modulator 14 as a third optical path is used in place 
of the optical waveguide 1 and that an electrode pattern 2" 
has a shape which is selected by modifying the shape of the 
electrode pattern 2 so as to be adapted to the phase modu- 
lator 14. Other members of the fifth embodiment are the 
same as those of the second embodiment and will not be 
described in particular. 

The optical waveguide 1' is composed by joining a phase 
modulator 14 which is a optical waveguide having a prede- 
termined length to an input end of the splitting section 10 of 
the optical waveguide 1 described above. The phase modu- 
lator 14 is made of a material having an electrooptical effect 
which is the same as that for the splitting section 10, first 
optical path 11, second optical path 12 and combining 
section 13, and the optical waveguide V is formed integrally 
as a whole. 

The electrode pattern 2" has a first electrode 2A T which 
applies an electric field to the phase modulator 14, splitting 
section 10 and first optical path 11 for performing phase 
modulation of light, and a second electrode 2B f . The first 
electrode 2 A* is a pattern which has a nearly U-shape and is 
disposed on the base plate K so that one side 2a 1 is along the 
phase modulator 14, splitting section 10 and first optical path 
11. The second electrode 2B f is a nearly rectangular patter 
which is disposed on the base plate K so that its periphery 
is enclosed by the first electrode 2A' with a predetermined 
spacing reserved therefrom. A modulation voltage which is 
similar to that used in the second embodiment is applied to 
the first electrode 2A and the second electrode 2B' is 
grounded. Phase modulation of a signal light passing 
through the phase modulator 14 is varied dependently on a 
length of a portion of the first electrode 2 A disposed along 
the phase modulator 14. Accordingly, the length of this 
portion is set adequately in accordance with phase modula- 
tion required for phase modulation which is performed 
together with polarization scrambling. The electrode pattern 
2" functions as first modulation voltage supplier and first 
voltage supplier as described above. Though the electrode 
pattern 2" is described as the microstrip fine type, a coplanar 
strip line may be used as the electrode pattern 2". 

In the integrated optical circuit, a signal light transmitted 
from a light transmitter or the similar apparatus is controlled 
to a vertical linear polarization and incident on the optical 
waveguide 1\ The incident signal light is subjected to phase 
modulation by the phase modulator 14. The phase modula- 
tion performed by this phase modulator 14 is the same as 
that performed by the conventional phase modulator and 
will not be described in particular. The signal light which is 
subjected to the phase modulation is split by the splitting 
section 10 into two, led into the first optical path U and the 
second optical path 12, whereafter a signal light which is 
subjected to phase modulation in the first optical path 11, 
and a signal light which has passed through the second 
optical path 12 and the plane-of-polarization rotating ele- 
ment 3 are combined by the combining section 13 to perform 
polarization scrambling. 

As understood from the foregoing description, the fifth 
embodiment permits composing an integrated optical circuit 
which has both a phase modulation function and a polar- 
ization scrambling function, thereby easily enabling to 
obtain means for performing a combination of phase modu- 
lation and polarization scrambling which has conventionally 
been proposed for reducing spectral diffusion due to polar- 
ization scrambling. Compared with a case where a phase (or 
intensity) modulator, a panda coupler, a polarizer and a 
polarization scrambler are connected to one another, for 
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example, with polarization-preserving fibers as in the con- 
ventional configuration shown in FIG. 18, the integrated 
optical circuit reduces optically connected points and con- 
nection loss, thereby improving optical SNR in a transmis- 
sion light. Further, the integrated optical circuit requires no 
phase adjustment at a stage to connect the component units, 
reduces a number of required parts and a number of assem- 
bling steps such as splices, and lowers necessity to use 
expensive parts, thereby lowering a cost for a transmission 
system. In addition, the integrated optical circuit requires no 
optical fiber for connecting parts and can be configured 
compact. 

Though the fifth embodiment has the composition 
wherein the plane-of-polarization rotating element 3 is dis- 
posed in the second optical path 12, it may have a compo- 
sition in which the plane-of-polarization rotating element 3 
is disposed in the first optical path 11 as in the first 
embodiment or a composition wherein the plane-of- 
polarization rotating elements 31 and 32 are disposed in the 
first and second optical paths 11 and 12 respectively as in the 
third embodiment. 

Now, a sixth embodiment will be described below. 
The sixth embodiment is an embodiment of an invention 
defined by claim 8 or 9 and is an integrated optical circuit 
which integrates a polarization scrambler of the conven- 
tional straight line type (FIG. 19) with a phase modulator. 
FIG. 11 shows a configuration of the sixth embodiment. 
The integrated optical circuit is composed, as shown in 
FIG. 11, of a straight line type optical waveguide 5 formed 
on a base plate K, an electrode pattern 6 which is disposed 
in a predetermined shape on the base plate K, and a 
plane-of-polarization rotating element 31 which is inserted 
in the middle portion of the optical waveguide 5 and 
functions as first plane-of-polarization rotator (the same as 
that used in the third embodiment). 

The optical waveguide 5 is made of a material having an 
electrooptical effect which is similar to that selected for the 
optical waveguide 1 described above. The plane-of- 
polarization rotating element 31 is inserted in the middle 
portion of the optical waveguide 5. The optical waveguide 5 
functions as an optical path of phase modulator and as an 
optical path of polarization scrambler. 

The electrode pattern 6 has a first electrode 6 A and a 
second electrode 6B. The first electrode 6 A is a U-shaped 
pattern which is disposed on the base plate K so that a side 
6a is along the optical waveguide 5. A length of the side 6a, 
as measured from an end on the side of incidence to a point 
located over the plane-of-polarization rotating element 31, is 
set in accordance with an application voltage required for 
phase modulation and a length of the side 6a, as measured 
from the point located over the plane-of-polarization rotat- 
ing element 31 to an end on the side of exit, is set in 
accordance with an application voltage required for polar- 
ization scrambling. The second electrode 6B is a rectangular 
pattern which is disposed on the base plate K so that its 
periphery is enclosed by the first electrode 6A with a 
predetermined spacing reserved therefrom. A modulation 
voltage which is similar to that used in the conventional 
polarization scrambler is applied to the first electrode 6A, 
whereas the second electrode 6B is grounded. Accordingly, 
the electrode pattern functions as phase modulation voltage 
supplier and as voltage supplier. Though the electrode 
pattern 6 is described as the microstrip line type, a coplanar 
strip line may be used as the electrode pattern 6. 

In the integrated optical circuit, a signal light transmitted 
from a light transmitter or the similar apparatus is incident 
in a condition controlled to a vertical linear polarization 
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(direction of the y axis). The incident signal light is sub- 
jected to phase modulation while it is propagated through 
the optical waveguide 5 to the plane-of-polarization rotating 
element 31. Operations for the phase modulation are sub- 
stantially the same as those performed by the conventional 
phase modulator. The signal light which is subjected to the 
phase modulation is input into the plane-of-polarization 
rotating element 31 and its polarization is rotated approxi- 
mately 45°. Accordingly, the polarization of the signal light 
which has passed through the plane-of-polarization rotating 
element is set in a condition where it has x components and 
y components. This condition is similar to that of a linear 
polarization of the signal light which is input into the 
conventional polarization scrambler at an azimuth of 
approximately 45°. Accordingly, polarization scrambling is 
performed by propagating the signal light through the opti- 
cal waveguide 5 disposed subsequently to the plane-of- 
polarization rotating element 31. 

Like the fifth embodiment, the sixth embodiment makes 
it possible to perform phase modulation and polarization 
scrambling at the same time with an integrated optical 
circuit having a simple configuration by selecting a compo- 
sition for the integrated optical circuit in which the plane- 
of-polarization rotating element 31 is inserted in the course 
of the optical waveguide 5 of the straight line type light 
modulator. However, the sixth embodiment does not provide 
an effect to reduce polarization dispersion since its polar- 
ization scrambling function is equivalent to that of the 
conventional polarization scrambler. Though the fifth 
embodiment is more excellent than the sixth embodiment 
from the viewpoint of reduction of polarization dispersion, 
the sixth embodiment has a merit to permit applying a 
voltage for phase modulation and polarization scrambling 
with a single electrode. 

Now, a seventh embodiment will be described below. 
The seventh embodiment is an embodiment of an inven- 
tion defined by claim 7 or is an integrated optical circuit 
which has an intensity modulation function added to the 
polarization scrambler preferred, for example, as the first 
embodiment so that intensity modulation and polarization 
scrambling can be performed at the same time. 

FIG. 12 shows a configuration of the seventh embodi- 
ment. 

An integrated optical circuit preferred as the seventh 
embodiment is composed of a polarization scrambler section 
PM having a composition which is the same as that of the 
first embodiment and an intensity modulator section IM 
joined to an incidence side of the polarization scrambler 
section PM. The intensity modulator section IM has a 
composition which is the same as that of the ordinary LN 
type light modulator and has an optical waveguide whose 
exit end is joined to an incidence end of the polarization 
scrambler section PM. The composition of the intensity 
modulator section IM is the same as that of the polarization 
scrambler section PM from which a plane-of-polarization 
rotating element 3 is removed. The intensity modulator 
section IM has an optical waveguide 71 corresponding to the 
optical waveguide 1 and an electrode pattern 72 correspond- 
ing to the electrode pattern 2, and is integrated with the 
polarization scrambler section PM. Accordingly, the optical 
waveguide 71 functions as the second splitter, fourth and 
fifth optical paths and second coupler, whereas the electrode 
pattern 72 functions as first intensity modulation voltage 
supplier. 

In the integrated optical circuit, a signal light transmitted 
from a light transmitter or the similar apparatus is controlled 
to have a vertical linear polarization (direction of the y axis) 



5,911,016 



19 



20 



and incident onto the optical waveguide 71 of the intensity 
modulator section IM. The incident signal light is subjected 
to intensity modulation in accordance with a modulation 
voltage applied from the electrode pattern 72 while being 
propagated through the optical waveguide 71. Operations 
for this intensity modulation are the same as those for 
intensity modulation performed by the conventional LN type 
light modulator and will not be described in particular. The 
signal light having a vertical linear polarization (direction of 
the y axis) which is subjected to the intensity modulation is 
shifted into an optical waveguide 1 of the polarization 
scrambler section PM. In the polarization scrambler section 
PM, the signal light which has been subjected to the inten- 
sity modulation is polarization scrambled by functions 
which are similar to those of the first embodiment. 

The seventh embodiment permits easily obtaining means 
for performing a combination of the intensity modulation 
and polarization scrambling proposed for reducing spectral 
diffusion of a signal light due to polarization scrambling by 
composing an integrated optical circuit which integrates an 
intensity modulation function with a polarization scrambling 
function. Since the composition of the intensity modulator 
section IM is similar to that of the polarization scrambler 
section PM in particular, the integrated optical circuit can 
easily be designed and manufactured. Compared with a case 
wherein an LN type light modulator is connected to a 
polarization scrambler, the integrated optical circuit pro- 
vides effects, like those obtained by the fifth embodiment 
which integrates the phase modulation function with the 
polarization scrambling function, to improve optical SNR in 
a transmission light by reducing a number of optically 
connected points, eliminate phase adjustment, reduce a 
number of parts, reduce a number of assembling steps and 
adopt inexpensive parts, thereby lowering costs for optical 
transmission systems. In addition, the seventh embodiment 
makes it possible to configure optical transmission systems 
compacter by integrating component units. 

Though the polarization scrambler section PM has a 
composition wherein the plane-of-polarization rotating ele- 
ment 3 is disposed in the first optical path 11 in the seventh 
embodiment, the integrated optical circuit according to the 
present invention is not limited to this composition. The 
polarization scrambling section PM may have, for example, 
a composition similar to that of the second embodiment 
wherein the plane-of-polarization rotating element 3 is dis- 
posed in the second optical path 12 as shown in FIG. 13(A) 
or a composition similar to that of the third embodiment 
wherein the plane-of-polarization rotating elements 31 and 
32 are disposed in the first and second optical paths 11 and 
12 respectively as shown in FIG. 13(B). Further, the posi- 
tional relationship of the electrode pattern 2 of the polar- 
ization scrambling section PM relative to the electrode 
pattern 72 of the intensity modulator section IM in the 
seventh embodiment may be reversed as shown in FIG. 
13(C). Furthermore, it is possible to modify the shape of the 
electrode pattern 2 of the polarization scrambler section PM 
into that of the electrode pattern 2' used in the fourth 
embodiment as shown in FIGS. 14(A) through 14(C). This 
modification makes it possible to lower power consumption 
by the polarization scrambler section PM. 

Now, description will be made of an eighth embodiment. 
The eighth embodiment is an embodiment of an invention 
defined by claims 10 or 11 and is configured to compose an 
integrated optical circuit by using the conventional straight 
line type polarization scrambler in a polarization scrambler 
section so that it can perform, like the seventh embodiment, 
intensity modulation and polarization scrambling at the 
same time. 
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FIG. 15 shows a configuration of the eighth embodiment. 
An integrated optical circuit preferred as the eighth 
embodiment is composed, as shown in FIG. 15, of an 
intensity modulator section IM functioning as intensity 
modulator like that used in the seventh embodiment and a 
polarization scrambling section PM' joined to an exit end of 
the intensity modulator section IM. 

The polarization scrambler section PM' is composed of a 
straight line type optical waveguide 81 formed on a base 
plate K, two electrode patterns 82 and 82* formed in prede- 
termined shapes on the base plate K, a plane-of-polarization 
rotating element 83 which is inserted into a joined portion 
between the optical waveguide 81 and the intensity modu- 
lator section IM as first plane-of-polarization rotator for 
rotating a polarization of an incident light approximately 45° 
(similar to the plane-of-polarization rotating element 31 
used in the third embodiment), and a plane-of-polarization 
rotating element 83* which is inserted into a middle portion 
of the optical waveguide 81 as second plane-of-polarization 
rotator for rotating a polarization approximately 90° (similar 
to the plane-of-polarization rotating element 3 used in the 
first embodiment). The optical waveguide 81 is made of a 
material having an electrooptical effect (such as LN) like the 
optical waveguide 1 described above. One end of the optical 
waveguide 81 is joined to an exit end of the optical 
waveguide 71 of the intensity modulator section IM by way 
of the plane-of-polarization rotating element 83 and a plane- 
of-polarization rotator 83 f is inserted into a predetermined 
location of a middle portion of the optical waveguide 81. 

The electrode pattern 82 has two electrodes 82A and 82B. 
The electrode 82A has a U shape and a side 82a which is 
disposed on the base plate K so as to be along the optical 
waveguide 81 between the plane-of-polarization rotating 
elements 83 and 83'. The electrode 82B is a U-shaped 
pattern which is disposed on the base plate K so that its 
periphery is enclosed by the electrode 82A with a predeter- 
mined spacing reserved therefrom. An electrode pattern 82' 
has a shape similar to that of the electrode pattern 82 and a 
side 82a' which is disposed on the base plate K so as to be 
along the optical waveguide 81 between the plane-of- 
polarization rotating element 83' and an exit end of the 
optical waveguide 81. A modulation voltage which is similar 
to that used in the conventional polarization scrambler is 
applied to the electrodes 82 A and 82 A, whereas the elec- 
trodes 82B and 82B' are grounded. Though the electrode 
patterns are also as the microstrip line type, coplanar strip 
lines may be used as the electrode patterns. The electrode 
patterns 82 and 82' may be arranged otherwise, for example, 
symmetrically as shown in FIG. 16. 

The optical waveguide 81 functions as an optical path for 
the polarization scrambler and as an optical path for a 
compensating polarization scrambler, the electrode pattern 
82 serves as voltage supplier for the polarization scrambler, 
and the electrode pattern 82' functions as voltage supplier for 
the compensating polarization scrambler. Further, plane-of- 
polarization rotating element 83 functions as plane-of- 
polarization rotator for connecting the intensity modulator to 
the polarization scrambler, whereas the plane-of- 
polarization rotating element 83' serves as plane-of- 
polarization rotator for connecting the polarization scram- 
bler to the compensating polarization scrambler. In the 
intensity modulator section IM which has the composition 
similar to that of the seventh embodiment, the optical 
waveguide 71 functions as splitter of the intensity 
modulator, the first and second optical paths, and coupler, 
whereas the electrode pattern 72 serves as intensity modu- 
lation voltage supplier. 
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In the integrated optical circuit, a signal light transmitted 
from a light transmitter or the similar apparatus is controlled 
to have a vertical linear polarization (direction of the y axis) 
and input into the optical waveguide 71 of the intensity 
modulator section IM for intensity modulation. The signal 5 
light having the vertical linear polarization which is sub- 
jected to the intensity modulation is input into the plane-of- 
polarization rotating element 83 and its polarization is 
rotated approximately 45°- Accordingly, the signal light 
which has passed through the plane -of-polarization rotating 
element 83 is set in a condition where it has x components 10 
and y components. While passing under the electrode pattern 
82, the x components and the y components of this signal 
light are subjected to phase modulation by functions similar 
to those of the conventional phase modulator. At this stage, 
polarization dispersion occurs due to a difference in refirac- 15 
tive indices between the x and y directions. For cancelling 
this polarization dispersion, the plane-of-polarization rotat- 
ing element 83' converts the x components and the y 
components by rotating the polarization approximately 90° 
and phase modulation similar to that described above is 20 
performed by passing the signal light under the electrode 
pattern 82'. Accordingly, the polarization dispersion is can- 
celled and polarization scrambling is performed. 

The eighth embodiment which is configured to compose 
an integrated optical circuit by integrating the conventional 25 
LN type light modulator with the known straight line type 
polarization scrambler which reduces polarization disper- 
sion provides effects similar to those obtained by the seventh 
embodiment, or makes it possible to perform intensity 
modulation and polarization scrambling at the same time 
with an integrated optical circuit having a simple 30 
composition, thereby enabling to improve a transmission 
characteristic, lower a manufacturing cost and configure 
optical transmission systems compacter. 

Though the optical waveguides are made of litium niobate 
(LN) in the first through eighth embodiment described 35 
above, a material for the optical waveguides used in the 
polarization scrambler according to the present invention is 
not limited to litium niobate but the optical waveguides may 
be made of any material that has an elecrooptical effect. 

Further, the present invention is not limited to the embodi- 40 
ments described above and those skilled in the art will 
understand from the foregoing description that the present 
invention is modifiable. 

What is claimed is: 

1. A polarization scrambler comprising: 45 

a first splitter for splitting an incident signal light into two; 

a first optical path which is made of a material having an 
electrooptical effect and through which one of the 
signal light split by said first splitter is propagated; 5Q 

a second optical path which is made of a material having 
an electrooptical effect and through which the other 
signal light split by said first splitter is propagated; 

a first voltage supplier which applies a voltage to at least 
one of sections set in said first optical path and said 55 
second optical path for varying a phase of a signal light 
propagated through the section; 

a first coupler which combines signal lights propagated 
through said first optical path and said second optical 
path; and 60 

a first plane-of-polarization rotator which rotates a polar- 
ization of the signal light in at least one of said first 
optical path and said second optical path between said 
section and said first coupler for adjusting a relative 
polarization angle between signal lights propagated 65 
through said first optical path and said second optical 
path. 



2. A polarization scrambler according to claim 1 wherein 
said first plane-of-polarization rotator adjusts the relative 
polarization angle between said signal lights around 90°. 

3. A polarization scrambler according to claim 2 wherein 
said first plane-of-polarization rotator comprises a first rotor 
in one of said first optical path and said second optical path 
between said section and said first coupler, and said first 
rotor rotates a polarization of the signal light approximately 
90°. 

4. A polarization scrambler according to claim 2 wherein 
said first plane-of-polarization rotator comprises a second 
rotor and a third rotor in said first optical path and said 
second optical path between said predetermined section and 
said coupler, one of said second rotor and said third rotor 
rotates a polarization of the signal light approximately 45°, 
and the other rotor rotates a polarization of the signal light 
approximately -45°. 

5. A polarization scrambler according to claim 1 wherein 
said first voltage supplier applies voltages having phases 
reverse to each other to the sections set in said first optical 
path and said second optical path. 

6. An integrated optical circuit using the polarization 
scrambler as claimed in claim 1 comprising: 

a third optical path which has an end joined to an input 
end of the first splitter of said polarization scrambler 
and the other end for propagating an input signal light 
to said first splitter, and is made of a material having an 
electrooptical effect; and 

a first phase modulation voltage supplier which applies a 
predetermined voltage to a predetermined section set in 
said third optical path for performing phase modulation 
of a propagated signal light, 

wherein said integrated optical circuit is configured to 
allow a signal light in a linear polarization condition 
which has components only in one direction relative to 
said third optical path, perform phase modulation and 
polarization scrambling collectively and allow the sig- 
nal light to emerge from the first coupler of said 
polarization scrambler. 

7. An integrated optical circuit according to claim 1 
comprising: 

a second splitter for splitting an incident signal light into 
two; 

a fourth optical path which is made of a material having 
an electrooptical effect and through which one of the 
signal lights split by said second splitter; 

a fifth optical path which is made of a material having an 
electrooptical effect and through which the other signal 
light split by said second splitter; 

a first intensity modulation voltage supplier which applies 
a predetermined voltage to at least one of predeter- 
mined sections set in said fourth optical path and said 
fifth optical path respectively for performing phase 
modulation of a signal light propagated through the 
section; and 

a second coupler which has an output end joined to an 
input end of the first splitter of said polarization 
scrambler, combines signal lights propagated through 
said fourth optical path and said fifth optical path, and 
output a combined signal light, 

wherein said integrated optical circuit is configured to 
allow signal lights in a linear polarization condition 
which has components only on one direction relative to 
said fourth optical path and said fifth optical path, 
perform intensity modulation and polarization scram- 
bling collectively, and allow the signal light to emerge 
from the first coupler of said polarization scrambler. 
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8. An integrated optical circuit comprising: 

a phase modulator having an optical path which is made 
of a material having an electrooptical effect and 
through which a signal light is propagated, and phase 
modulation voltage supplier which applies a predeter- 
mined voltage to a section set in said optical path for 
phase modulation of the propagated signal light; 

a polarization scrambler having an optical path which is 
made of a material having an electrooptical effect and 
through which a signal light is propagated, and a 
voltage supplier which applies a voltage to a section set 
in said optical path for varying a phase of the signal 
light propagated through the section; and 

a first plane-of-polarization rotator which connects an 
output end of said phase modulator to an input end of 
said polarization scrambler, rotates a polarization of a 
signal light propagated through the optical path of said 
phase modulator and outputs a signal light in a polar- 
ization condition where it has components in two 
directions. 

9. An integrated optical circuit as claimed in claim 8 
comprising an electrode which applies a voltage commonly 
to said phase modulator and said polarization scrambler. 

10. An integrated optical circuit comprising: 

an intensity modulator comprising splitter for splitting an 
incident signal light into two, a first optical path which 
is made of a material having an electrooptical effect and 
through which one of signal lights split by said splitter 
is propagated, a second optical path which is made of 
a material having an electrooptical effect and through 
which the other signal light split by said splitter is 
propagated, an intensity modulation voltage supplier 
which applies a voltage to at least one of sections set in 
said first optical path and said second optical path for 
performing phase modulation of the signal light propa- 
gated through the section, and a coupler for combining 
signal lights propagated through said first optical path 
and said second optical path; 
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a polarization scrambler having an optical path which is 
made of a material having an electrooptical effect and 
through which a signal light is propagated, and a 
voltage application section which applies a voltage to a 
5 section set in said optical path for varying a phase of the 

signal light propagated through the section; and 
a first plane-of-polarization rotator which connects an 
output end of said intensity modulator to an input end 
of said polarization scrambler, rotates a polarization of 
10 a signal light output from the coupler of said intensity 
modulator, and outputs a signal light in a polarization 
condition where it has components in two directions to 
the optical path of said polarization scrambler, 
wherein said integrated circuit is configured to allow a 
1 5 signal light in a linear polarization condition which has 
components only in one direction to be incident onto 
the splitter of said intensity modulator, perform inten- 
sity modulation and polarization scrambling of the 
signal light collectively, and allow the signal light to 
emerge from said polarization scrambler. 
11. An integrated optical circuit according to claim 8 or 10 
comprising: 

second plane-of-polarization rotator for rotating approxi- 
25 mately 90° a polarization of a signal light emerging 
from said polarization scrambler; and 
a compensating polarization scrambler having an optical 
path which is made of a material having an electroop- 
tical effect and through which a signal light output from 
30 said second plane-of-polarization rotator is propagated, 

and a voltage supplier which applies a predetermined 
voltage to a predetermined section set in said optical 
path for varying a phase of the signal light propagated 
through the section, 
35 wherein said compensating polarization scrambler is con- 
figured to compensate polarization dispersion caused 
by said polarization scrambler. 

***** 



